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Imaging method for manufacture of microdevlces. 

@ An imaging method for imaging a fine pattem 
having linear features extending along ortho- 
gonal first and second directions, is disclosed 
which method is characterized by : providing a 
light source having decreased intensity por- 
tk>ns at a center thereof and on first and second 
axes defined to intersect with each other at die 
center and defined along the first and second 
directions, respectively; and illuminating the 
pattern with light firom the light source. 
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(§) Imaging method for manufacture of microdevlces. 

@) An imaging nnethod for imaging a fine pattern 
having linear features extending along ortho- 
gonal first and second directionSp is disclosed 
which method is characterized by: provkJing a 
light source having decreased intensity por- 
tk>n8 at a center thereof and on first and second 
axes defined to intersect with each other at the 
center and defined along the frst and second 
directions, respectively; and illuminating the 
pattern with light from the light source. 
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FIELD OF THE INVENTION AND RELATED ART 

This Invention relates generally to an Imaging . 
method for manufacture of microdevices. More par- 
ticulariy, in one aspect the invention is concerned with 
an imaging method or an illumination method therefor, 
suitably usable in forming on a workplece a fine pat- 
tern of a llnewidth of 0.5 micron or less. 

The increase in the degree of integration of a 
semiconductor device has t>een accelerated more 
and more and, along such trend, the fine processing 
techniques have t>een Improved considerably. Par- 
ticularly, the optical processing technique which is 
major one of them has t>een advanced to a level of 
submicron region, with the start of a 1 mega DRAM. 
A representative optical processing machine is a 
reduction projection exposure apparatus, called a 
"stepper". It Is not too much to say that enhancement 
of resolution of this apparatus determines the future 
of the semiconductor device. 

Conventionally, the enhancement of resolution of 
the stepper mainly relies on enlarging the N.A. (nu- 
merical aperture) of an optical system (reduction pro- 
jection lens system). Since however the depth of 
focus of an optical system is in Inverse proportion to 
the square of the N.A., the enlargement of the N.A. 
causes an Inconvenience of decreased depth of 
focus. In consideration of this, attempts have been 
made recently to change the wavelength of light for 
exposure, from the g-line to the Mine or to excimer 
laser tight of a wavelength not longer than 300 nm. 
This aims at an effect that the depth of focus and the 
resolution of an optical system can be improved In 
inverse proportion to the wavelength. 

On the other hand, in a way separate from shor- 
tening the exposure wavelength, a method using a 
phase shift mask has been proposed as a measure for 
Improving the resolution. According to this method, a 
thin film is formed in a portion of a light transmitting 
area of a mask which film serves to provkle a phase 
shift of 1 BO deg. with respect to the other portk>n. The 
resolutk>n RP of a stepper can be represented by an 
equation RP - k^XTN.A., and usually the stepper has 
a ki factor of a level of 0.7 - 0.8. With the method using 
such a phase shift mask, the level of the ki factor can 
be improved to at>out 0.35. 

However, there remain many problems to realize 
such phase shift mask method. Unsolved problems 
currently remaining are such as follows: 

(1) Satisfactory thin film forming technique for 
forming a phase shift film has not yet been 
established. 

(2) Satisfactory CAD (computer-aided designing) 
for design of a circuit pattern with a phase shift 
film has not yet developed. 

(3) Depending on a pattern, a phase shift film can 
not be applied thereto. 

(4) In respect to the Inspection and correctk>n of 



a phase shift film, satisfactory technique has not 
yet established. 

As stated, there remain many problems to realize 
a phase shift mask method. 

5 

SUMMARY OF THE INVENTION 

It is an object of the present Invention to provide 
a unique and improved imaging method suitable for 

10 manufacture of microdevices such as semiconductor 
microcircult devices. 

It Is another object of the present invention to pro- 
vide a microdevice manufacturing method which uses 
such Imaging method. 

15 It Is a further object of the present invention to pro- 

vide an exposure apparatus for manufacture of micro- 
devices, which uses such imaging method. 

In accordance with a first aspect of the present 
invention, there is provided an imaging method for 

20 imaging a fine pattern having linear features extend- 
ing along orthogonal first and second directions, 
characterized by: providing a light source having dec- 
reased Intensity portions at a center thereof and on 
first and second axes defined to intersect with each 

25 other at the center and defined along the first and sec- 
ond directions, respectively; and Bluminating the pat- 
tern with light from the light source. 

In accordance with a second aspect of the pre- 
sent invention, there is provided a method of imaging 

30 a fine pattern having linear features extending in 
orthogonal first and second directions, wherein the 
pattern is illuminated with light obliquely with respect 
to the pattern, the Improvements residing In that the 
strength of illumination in a predetenmined plane of 

35 incidence Is made greater than that in a first plane of 
incidence including the first direction and that in a sec- 
ond plane of Incidence including the second direction 
and Intersecting with the first plane of Incidence per- 
pendicularly. 

40 In accordance with a third aspect of the present 

invention, there is provided a method of imaging a fine 
pattern having linear features each extending in a pre- 
determined direction, wherein the pattem Is Illumi- 
nated with light obliquely with respect to the pattern, 

45 the impMTOvements reskJing in that the illumination of 
the pattern with light along a path in a plane of inci- 
dence Including the predetermined direction Is sub- 
stantially blocked; and the pattem Is Illuminated with 
light along a pair of paths which are symmetrical with 

60 each other with respect to the plane of incidence. 

In accordance with a fourth aspect of the present 
Invention, there is provided an Illumination method In 
Image projection, for illuminating a fine pattern of an 
original, characterized by: providing a light Intensity 

65 distribution having decreased intensity portions at a 
center thereof and on first and second orthogonal 
axes with respect to which the original Is to t>e placed. 
These and other objects, features and advan- 
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tages of the present invention will become more appa- 
rent upon a consideration of the following description 
of the preferred embodiments of the present invention 
taken in conjunction with the accompanying drawings. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 Is a schematic view for explaining the 
principle of projection of an image of a fine pattern. 

Figures 2A and 2B are schematic views, respect- io 
Ively, wherein Figure 2A shows a light distribution as 
provided on a pupil by diffraction light from a conven- 
tional mask and Figure 2B shows a light distribution 
as provided on a pupil by diffraction light from a phase 
shift nr^sk. is 

Figures 3A and 3B show a first embodiment of the 
present invention, wherein Figure 3A is a schematic 
view of an example of effective light source as fonmed 
on a pupil by zero-th order light in the first embodinrwnt 
and Figure 3B shows another example of effective 20 
light source as fonmed on a pupil by zero-th order light 
in the first embodiment. 

Figure 4 Is a graph for explaining frequency 
characteristics of a projection system which forms the 
effective light source of the Figure 3A example and 25 
that of a projection system of conventional type. 

Figures 5A - 5C show a second embodiment of 
the present Invention, wherein Figure 5A Is a schema- 
tic view of a projection exposure apparatus according 
to the second emlxxjiment of the present invention, 30 
Figure 5B is a front view of a stop member used in the 
second embodiment, and Figure 5C is a schematic 
view of a cross filter used In the second embodiment. 

Figures 6A and 6B show a third embodiment of 
the present invention , wherein Figure 6A is a schema- 35 
tic view of a projection exposure apparatus according 
to the third embodiment and Figure 6B is a front view 
of a stop member used In the third embodiment. 

Figure 7 is a fragmentary schematic view of a pro- 
jection exposure apparatus according to a fourth 40 
embodiment of the present invention. 

Figure 8 Is a fragmentary schematic view of a pro- 
jection exposure apparatus according to a fifth embo- 
diment of the present lnventk)n. 

Figure 9 is a fragmentary schematic view of a pro- 45 
jection exposure apparatus according to a sixth 
embodiment of the present invention. 

Figure 10 is a fragmentary schenrtatic view of a 
proJectk)n exposure apparatus according to a seventh 
embodiment of the present invention. so 

Figure 11 is a fragmentary schematic view of a 
projection exposure apparatus according to an eighth 
embodiment of the present Invention. 

Figure 12 Is a fragmentary schematic view of a 
projectkin exposure apparatus according to a ninth ss 
embodiment of the present invention. 

Figure 1 3 is a scherriatic view of a main portion of 
a projectton exposure apparatus according to a tenth 



embodinf^nt of the present invention. 

Figure 14 is a schematic view for explaining the 
relationship between a pupil of a projection optical 
system and an optical integrator. 

Figures 15A and 15B are schematic views, re- 
spectively, each showing the pupil of the projection 
optical system. 

Figure 16 is a schematic view of a stop member 
usable in the present invention. 

Figures 17A and 17B are schematic views, re- 
spectively, each showing the manner of cabling a 
mercury lamp. 

Figure 18 is a schematic view of a main portion 
of a projection exposure apparatus according to a 
further embodiment of the present invention. 

Figures 19A and 19B are schematic views, re- 
spectively, for explaining the manner of insertion of a 
pyramid type prism used in another embodiment of 
the present invention. 

Figure 20 is a schematic view of a main portion 
of a projection exposure apparatus according to a still 
further embodiment of the present invention. 

Figure 21 is a schematic view of a main portion 
of a projection exposure apparatus according to a still 
further embodiment of the present invention. 

Figure 22 is a schematic view of a main portion 
of a projection exposure apparatus according to a yet 
further embodiment of the present Invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

For t>etter understanding of the present invention, 
description will be made first on details of the imaging 
of a fine pattern. 

Figure 1 shows the principle of image projection 
of a fine pattern 8 having a high frequency (pitch 2d 
is about several microns), through a projection lens 
system 7. The fine pattern 6 which is illuminated along 
a directkin perpendicular to the surface thereof, dif- 
fracts the light inputted thereto. DifTiractbn lights 
caused thereby include a zero-th order diffraction 
light, directed In the sanne direction as the direction of 
advancement of the Input light, and higher order dif- 
fractk>n lights such as positive and negative first order 
diffraction lights, for example, directed in directions 
different from the input light Among these diffraction 
lights, those of particular diffraction orders such as, 
for example, the zero-th order diffraction light and 
positive and negative first order diffraction lights, are 
incident on a pupQ 1 of the projection lens system 7. 
Then, after passing through the pupil 1. these lights 
are directed to an image plane of the projection lens 
system, whereby an Image of the fine pattern 6 is for- 
med on the image plane. In tills type of image for- 
mation, the light components which are contributable 
to the contrast of the image are higher order diffiraction 
lights. If the frequency of a fine pattern Increases, It 
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raises a problem that an optical system does not 
receive higher order diffraction lights. Therefore, the 
contrast of the image degrades and. ultimately, the 
imaging Itself becomes unattainable. 

Figure 2A shows a light distribution on the pupil 
1 in an occasion where the fine pattern 6 of Figure 1 
Isfomied on a nr^skof conventional type, while Figure 
2B shows a light distribution on the puplt 1 In an occa- 
sion where the fine pattern 6 is formed on a phase shift 
mask. 

In Figure 2A, atxHJt a zero-th order diffraction light 
3a, there are a positive first order diffraction light 3b 
and negative first order diffraction light 3c. In Figure 
2B, on the other hand, due to the effect of a phase shift 
film a zero-th order diffraction light 5a is "exting- 
uished" and there are positive and negative first order 
diffraction lights 5b and 5c only. Comparing the cases 
of Figures 2A and 2B, the following two points may be 
raised as advantageous effects of a phase shift mask 
upon the plane of spatial frequency, i.e., the pupil 
plane: 

(1) In the phase shift mask, the frequency is dec- 
reased to a half. 

<2) In the phase shift mask, no zero-th order dif- 
fractk>n light exists. 

Another point to be noted here may be that the 
spacing a between the positive and negative first 
order diffraction lights upon the pupil plane In the case 
of the phase shift mask corresponds to the spacing a 
between the zero-th order light and the positive (nega- 
tive) first order diffraction light in the case of the con- 
ventional type mask. 

On the other hand, as regards the light distribu- 
tion on the pupil 1 , the oonventionaJ type mask and the 
phase shift type mask show the same characteristic 
in respect to the position. What Is the difference there- 
between is the ratk) of intensity of the amplitude dis- 
tribution upon the pupil 1. In the phase shift mask 
shown in Figure 28, the amplitude ratio among the ze- 
ro-th order, positive first order and negative first order 
diffraction lights is 0:1:1, whereas in the conventk3nal 
type mask shown in Figure 2A it is 1:2/fi:2/n. 

In accordance with one aspect of the present 
invention, a light distribution similar to that to be pro- 
duced by a phase shift type mask can be produced on 
the pupil 1 . More specifically, according to this aspect 
of the present invention, in order to assure that, when 
a fine pattern 6 (nr>ore partlculariy, a fine pattem as 
having a spatial frequency that the ki factor Is about 
0.5, as suggested in the introductory part of the Speci- 
fication) is illuminated, a zero-th order diffraction light 
is incident on the pupil 1 at a position off the center of 
the pupil 1 while a different diffraction light of higher 
order Is slmllariy incident on a position off the center 
of the pupil 1, an optical arrangement is provided to 
produce such effective light source that it has a light 
quantity distribution in which, as compared with the 
light intensity In each of portk>n3 on a pair of axes pas- 



sing through the center of the pupil and extending 
along longitudinal and lateral pattern features of the 
fine pattem and as compared with with the light Inten- 
sity in a portion around the center of the pupil, the light 

5 intensity in a portion other than these portions is 
higher. Preferably, there may be produced an effec- 
tive light source In which the light Intensity at each of 
the portions on the pair of axes passing through the 
center of the pupil and extending along the longitudi- 

10 nal and lateral pattem features of the fine pattern as 
well as the light intensity in the portion around the 
center of the pupil, are lowered to about zero. 

When such an effective light source Is provided, 
of zero-th order and first order diffraction lights, for 

IS example (as produced as a result of illumination of a 
fine pattern of a ki factor of about 0.5, for example), 
the zero-th order diffraction light and one of the posi- 
tive and negative first order diffraction lights may be 
projected on the pupil 1 whereas the other of the posi- 

20 tive and negative first order diffraction lights may be 
prevented from being projected onto the pupil 1. This 
assures a light distribution similar to that to be pro- 
vided by a phase shift mask, on the pupil 1. 

If In the preserit inventton a single light beam is 

25 used for the illumination, the amplitude ratio of a pair 
of drffiractton lights at the pupil 1 becomes 1 :2/n, dif- 
ferent from a desirable amplitude ratio of 1:1 similar 
to that as attainable with a phase shift mask. How- 
ever, according to the analyses made by the inventors 

30 of the subject application, it has been found that for 
resolving a longitudinal pattern feature of a mask, 
such a difference in amplitude ratio can be substan- 
tially compensated by using, as the light to be obli- 
quely projected on the mask (fine pattern), a pair of 

35 lights from a pair of light sources disposed symmetri- 
cally with each other with respect to a longitudinal axis 
of the pupil (an axis passing through the center of the 
pupil and extending along the longitudinal pattem 
feature) so as to produce on the pupil a pair of light 

40 patterns which are symnnetrical with each other with 
respect to the longitudinal axis of the pupil; and that 
for resolving a lateral pattem feature of the vnask, the 
difference In amplitude ratk> can be compensated by 
using, as the light to be projected obliquely on the 

46 mask (fine pattem], a pair of lights from a pair of light 
sources disposed symmetrically with each other with 
respect to a lateral axis of the pupil (an axis passing 
through the center of the pupil, extending along the 
latefBl pattem feature and being perpendicular to the 

so longitudinal axis of the pupil) so as to produce a pair 
of light patterns which are symmetrical with each 
other with respect to the lateral axis of the pupil. 

For resolving a mask pattern having longitudinal 
and lateral pattern features, two Illumination light 

55 beams, for example, may be used and projected obli- 
quely to the mask so as to produce an effective light 
source having, on the pupil, a light quantity distribu- 
tion with a pair of peaks of substantially the same In- 
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tensity at those positions: which are symnr^trical with 
each other with respect to the center of the pupil, and 
which are located along a first axis passing through 
the center of the pupil and extending with an angle of 
at>out 45 deg. with respect to the X and Y axes. Also, 
four illumination light beams, for example, may t>e 
used and projected obliquely to the mask so as to pro- 
duce an effective light source having, on the pupil, a 
light quantity distribution with (i) a pair of portions of 
substantially the same intensity at those positions: 
which are symmetrical with each other with respect to 
the center of the pupil, and which are located along a 
first axis passing through the center of the pupil and 
extending with an angle of about 45 deg. with respect 
to the X and Y axes and (ii) with a pair of portions of 
substantially the same intensity at those positions: 
which are symmetrical with each other with respect to 
the center of the-pupil, which are located along a sec- 
ond axis passing through the center of the pupil and 
extending with an angle of atxHJt 90 deg. with respect 
to the first axis, and which are at substantially corre- 
sponding locations with respect to the pair of positions 
on the first axis and the center of the pupil. 

A first embodiment of the present invention will be 
explained with reference to Figures 3A and 3B, whe- 
rein Figure 3A shows a light distribution of zero-th 
order diffraction light on the pupil 1 of Figure 1, while 
Figure SB shows a distribution of effective light source 
on a pupil plane. 

In the drawings, denoted at 1 is a pupil; denoted 
at x is a lateral axis of the pupil (an axis passing 
through the center of the pupil and extending along a 
lateral pattern feature); denoted at y Is a longitudinal 
axis of the pupil (an axis passing through the center 
of the pupil, extending along a longitudinal pattern 
feature and being perpendicular to the x axis); and 
denoted at 2a, 2b. 2c and 2d are portions of an effec- 
th^e light source. 

In these two examples, the effective light source 
has a distribution generally consisting of four portions. 
Each portion (light pattern) has a distribution of circu- 
lar shape. If the radius of the pupil 1 Is 1.0, the pupil 
center Is at the origin of coordinate and the x and y 
axes are the orthogonal coordinate axes, then In the 
Figure 3 A example the centers of the portions 2a, 2b, 
2c and 2d are at the positions (0.45. 0.45), (-0.45, 
0.45), (-0.45, -0.45) and (0.45, -0.45), and the radius 
of each portion Is 0.2. In the Figure 3B example, the 
centers of the portions 2a, 2b, 2c and 2d are at the 
positions (0.34. 0.34), (-0.34, 0.34), (-0.34. -0.34) and 
(0.34, -0.34). and the radius of each portion is 0.25. 

The effective light source according to this emt>o- 
diment Is featurized In that: when the pupil plane Is 
divided Into four quadrants by the x and y axes defined 
on the pupil plane, as stated atx)ve, each portion 2a, 
2b. 2c or 2d is defined in corresponding one of the 
quadrants and also these portions are defined in a 
symmetrical relationship and defined Independently 



of each other, without overlapping. Here, the x and y 
axes for the division of the quadrants correspond to x 
and y axes, for example, used for the design of an 
integrated circuit pattern and they correspond to the 

5 directions of elongation of longitudinal and lateral pat- 
tern features of a mask. 

The shape of the effective light source according 
to this embodiment Is determined In specific consider- 
ation of the directivity of k>ngitudinal and lateral pat- 

10 tern features of a fine pattern whose image is to be 
projected, and it is featurized in that the centers of the 
four circular portions 2a - 2d are just on ± 45 deg. 
directions (the directions along a pair of axes passing 
through the center of the pupil 1 and extending with 

15 angles of ± 45 deg. with respect to the x and y axes). 
In order to produce such an effective light source, a 
light source (secondary light source) having the same 
shape and the same relationship, with respect to the 
X and y axes, as that illustrated may be provided on 

20 a plane optically conjugate with the pupil 1 and four 
illumination light beams from the provided light source 
may be projected obliquely to a fine pattern at the 
same angle of InckJence and along two orthogonal 
planes of incidence (each two light beams in a pair). 

25 This assures that: linear pattern features extending 
along the x axis are illuminated obliquely by the light 
beanris projected along the paths which are symmet- 
rical with each other with respect to the plane of Inci- 
dence including the x axis; while linear pattem 

30 features extending along the y axis are illuminated 
obliquely by the light t>eams projected along the paths 
which are symmetrical with each other with respect to 
the plane of Incidence including the y axis. 

It is important that the four portions 2a - 2d of the 

35 effective light source have substantially the same in- 
tensity. If the intensity ratio changes, any defocus of 
a wafer during the printing thereof, for example, 
causes deformation of the Image of a circuit pattem. 
For this reason, preferably the four illuminatk>n light 

40 beams are so set as to provide the same intensity. As 
regards the intensity distribution of each of the four 
portions 2a - 2d, it may be determined as desired. For 
example, it may be a uniform intensity distribution 
wherein the whole range Is at a peak level, or It may 

45 be a non-uniform intensity distribution wherein the 
peak is only at the center. This means that the four 
illumination light beams may take various forms in 
accordance with the fonm of an effective light source 
to be provided on the pupil 1 . As an example, while In 

so this embodiment the four portions of th effective light 
source are separated from each other and thus no 
light pattem is produced in a portk>n other than the 
four portions, the four portions of the effective light 
source may be formed to be continuous with the Inter- 

55 vention of lower intensity light pattems. 

The distribution (shape) of each of the four por- 
tions 2a - 2d of the effective light source is not limited 
to a circular shape. However, It Is desirable that, Inde- 
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pendently of the shape, the centers of the four por- 
tions or the gravity centers of their intensity distribu- 
tions are In a symmetrical relationship and are on the 
± 45 deg. directions with respect to the x and y axes, 
as in the examples of Figures 3A and SB. 

For further enhancement of resolution, i.e., in an 
attempt to adopting an arrangement of an optimum 
effective light source adapted to provide a system of 
lower kt level, it is seen from the comparison of Figure 
3A with Figure 3B that the gravity center position of 
each portion 2a, 2b, 2c or 2d of the effective light 
source in each quadrant displaces away from the 
center of the pupil 1 and, as a result, the diameter of 
each independent portion 2a, 2b, 2c or 2d in corre- 
sponding quadrant decreases. 

Illustrated in Figures 3A and 38 are two types of 
effective light sources expected. In practical design, 
an effective light source similar to these two types 
may be used, since, if the gravity center position of 
each portion of the effective light source is too far from 
the center of the pupil 1, a problem of decrease of light 
quantity, for example, may result (in the respect of 
convenience In design of the optical system). 

According to the investigations on that point 
made by the inventors, it has been found that in the 
coordinate and the pupil 1 shown in Figures 3A and 
38, if each of a pair of portions 2a and 2c which are 
In the first and third quadrants, respectively, and 
which are spaced from each other has a circular 
shape and a radius q and if the center positions 
(gravity center positions) of the first and second por- 
tions 2a and 2c are at coordinates (p, p) and (-p, -p), 
respecth^ely, then good results are obtainable by 
satisfying the following conditions: 

0.25 < p < 0.6 
0.15 < q < 0.3 
It is to be. noted that the size and position of each of 
the remaining portions 2b and 2d In the second and 
fourth quadrants are determined naturally from the 
synmnetry of them to the portions 2a and 2c in the first 
and third quadrants. Also, it has been found that, even 
in a case where each portion of the effective light 
source has a shape other than a circular shape, such 
as. for example, triangular or rectangular, preferably 
the above conditions should be satisfied. In such 
case, the radius of a circle circumscribing each por- 
tion may be used as the value of q. In the examples 
shown in Figures 3A and 38, each quantity is near the 
middle of the range defined by the corresponding con- 
dition. The quantities of p and q may change in depen- 
dence upon a desired linewidth of a fine pattem which 
is required to t>e projected by a used optical system 
(Illumination system/projection system). 

In a currently used stepper, an effective light 
source has a peak at a center (x, y) = (0. 0) of a pupil 
1. In this type of apparatus, it is sakj that the coher- 
ence factor (cr level) is 0.3 or 0.5, and this means that 
It has an effecth^e light source distribution having a 



radius of 0.3 or 0.5 about the center of the pupil 1. 
According to the analyses made by the inventors, It 
has been found that: If an effective light source is posi- 
tioned dose to the pup3 center, for example, if the a 

5 level is in a range not greater than 0.1, it provides an 
advantage that when defocus occurs a high contrast 
can t>e retained mainly In regard to a relatively wide 
linewidth (a linewidth to which the above-described ki 
factor is not less than 1 ). However, such advantage as 

10 obtainat>le when defocus occurs diminishes quickly 
as the ki factor becomes close to 0.5. If the ki factor 
goes beyond 0.5, in a strict case the contrast of an 
Image Is lost futly. What Is most required currently Is 
the improvement in defocus performance ata k^ factor 

15 level not greater than 0.6 and, in cases where the ki 
factor is at at>out this level, the presence of an effec- 
tive light source adjacent to the pupil center has an 
adverse effect on the Imaging. 

As compared therewith, the effective light source 

20 having been described with reference to the first 
emt>odinr)ent has a small k^ factor. For the imaging in 
respect to a ki factor of about 0.5. it provides an 
advantageous effect of retaining a high contrast when 
defocus occurs. Since in the example of Figure 3A 

25 each of the portions 2a - 2d of the effective light 
source is located outwardly, as compared with those 
of the Figure 3B example, it provides a superior high 
frequency characteristic as compared with the Figure 
38 example. It is to be noted that, in a portion of the 

30 effective light source spaced away from the pupil 
center, the defocus characteristic is such that, up to 
a ki factor of about 1 , the depth of focus is maintained 
substantially at a constant level. 

Figure 4 shows the relationship between the re- 

35 solutk>n and the depth of focus in a case where the 
example of Figure 38 is applied to an i-llne stepper 
having a NA. of 0.5, the calculations having been 
made on assumption that the defocus In a range satis- 
fying the contrast of an optical image of 70 % is within 

40 the depth of focus (tolerance). Curve A in the drawing 
depicts the relationship between the resolution and 
the depth of focus in the case of the conventional 
method (a = 0.5) using a conventional reticle, while 
curve 8 depicts the relationship between the resol- 

45 ution and the depth of focus in the case of the Figure 
38 example. If the limit of the depth of focus of a step- 
per which may be practically admitted ts set to be 
equal to 1.5 micron, then the limit of resolution Is 0.52 
micron in the case of the conventional method. As 

so compared, in the case of the Figure 38 example, the 
resolution is improved to about 0.4 micron. This cor- 
responds to an improvement of about 30 % in terms 
of ratio, which Is considerably large In the field to 
which the present invention pertains. In effect, a resol- 

55 ution of at>out 0.45 (ki factor) is easily attainable. 

The present inventk}n in this aspect differs from 
what can be called a "ring illumination method" whe- 
rein no effective light source is formed at the pupil 
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center, in that on the pupil 1, the effective light source 
has a peak neither on the x axis nor on the y axis cor- 
responding to the direction of the longitudinal pattern 
feature or the lateral pattern feature of the fine pattern. 
This is for the reason that, if the effective light source 
has a peak on the x axis or the y axis, the contrast of 
an Image degrades largely and thus a large depth of 
focus Is not obtainable. It has been confmned that, In 
respect to the image projection of a fine pattem mainly 
consisting of longitudinal and lateral pattern features, 
the present invention assures fonmation of an image 
of improved inr^age quality as compared with that 
obtainable by the ring Illumination method. 

The light quantity (light intensity) in each principal 
portion of the effective light source of the present 
invention may be either uniform or non-uniform such 
as a Gaussian distribution. 

Figures 5A, SB and 5C show a second embodi- 
ment of the present invention and illustrate a semicon- 
ductor device manufacturing exposure apparatus 
arranged to project an image of a fine pattem in 
accordance with an aspect of the invention. 

Denoted in the drawings at 11 is a ultra-high 
pressure Hg lamp having its light emitting portion dis- 
posed at a first focal point of an elliptical minror 12; 
denoted at 14. 21. 25 and 27 are deflecting mirrors; 
and 1 denoted at 15 is an exposure control shutter. 
Denoted at 105 Is a field lens; denoted at 16 Is a 
wavelength selecting Interference filter; denoted at 17 
is a cross NO (neutral density) filter; denoted at 16 is 
a stop member having a predetermined aperture; 
denoted at 19 is an optical integrator having its light 
receiving surface disposed at a second focal point of 
the elliptical mirror 12; and denoted at 20 and 22 are 
lenses of a first imaging lens system (20. 22). Denoted 
at 23 is a half mirror; denoted at 24 is a masking blade 
device having a rectangular aperture for defining a 
region of Illumination on a reticle; denoted at 26 and 
28 are lenses of a second imaging lens system (26. 
28); and denoted at 30 is a reticle having formed the- 
reon an integrated circuit pattern mainly consisting of 
longitudinal and lateral pattem features (grid-like 
linear features) of a minimum line width of about 2 
C microns. Denoted at 31 Is a reductbn projection lens 

system for projecting the circuit pattern of the reticle 
30 in a reduced scale of 1:5; denoted at 32 is a wafer 
coated with a resist; denoted at 33 is a wafer chuck 
for holding the wafer 32 by attraction; and denoted at 
34 is an X-Y stage for supporting the wafer chuck 33 
and being nrwvable in x and y directions of an X-Y 
coordinate system defined In the exposure apparatus 
in relation to the X-Y stage. Denoted at 35 is a glass 
plate having formed thereon a light blocking film with 
an aperture 35a at Its center; denoted at 36 Is a casing 
having an aperture formed in its top surface; denoted 
at 37 is a photoelectric converter provided in the cas- 
ing 36; and denoted at 38 is a mirror which is a conrv 
ponent of a laser interferometer (not shown) for 



measuring the amount of movement (x axis) of the 
wafer stage 34. Denoted at 40 Is a light blocking plate 
having a predetenfnlned aperture, which is disposed 
at a position optically equivalent to the light receiving 

5 surface of the blade 24 so that, like tiie blade 24. the 
light beams emanating from the lenses of the optical 
Integrator 19 are overlapped one upon another on the 
plate 40. Denoted at 41 Is a condensing lens for col- 
lecting light passed through the aperture of the light 

10 blocking plate 40; and denoted at 42 is a quartered 
detector. 

As is well known in the art. usually a circuit pattem 
of a reticle (mask) Is designed with reference to ortho- 
gonal axes (coordinates) so that longitudinal pattem 

15 features and lateral pattem features of the pattem 
extend along these axes, respectively. When such a 
reticle is introduced into a projection exposure 
apparatus, the reticle Is placed on a reticle stage with 
reference to x and y axes of an X-Y coordinate system 

20 defined in the exposure apparatus, with the ortho- 
gonal design axes of the reticle placed exactty or sut>- 
stantially aligned with the x and y axes of the exposure 
apparatus. Also, the the X-Y stage on which a wafer 
is placed has an X-Y coordinate system with x and y 

25 axes along which the X-Y stage is movable. These x 
and y axes of the X-Y stage are designed to be exactiy 
or substantially conresponds to the x and y axes of the 
exposure apparatus. Thus, when a reticle Is placed In 
the exposure apparatus, usually the directions of lon- 

30 gitudinal and lateral pattem features of the reticle are 
placed in exactiy or substantially alignment with the x 
and y axes defined in the exposure apparatus, re- 
spectively, or with the x and y axes along which the 
X-Y stage moves. 

35 A structural feature of this apparatus resides in 

the filter 1 7 and the stop member 18 disposed In front 
of the integrator 19. As shown in Figure 5B. the stop 
member 18 comprises an aperture stop with a ring-li- 
ke aperture, for blocking the light near the optical axis 

40 of the apparatus, and it serves to define the size and 
shape of an effective light source on the pupil plane 
of the projection lens system 31. The center of the 
aperture Is aligned with the optical axis of the 
apparatus. On the other hand, as shown in Figure 5C« 

45 the filter 17 comprises four ND filters which are dis- 
posed, as a whole, in a cross-like shape. These four 
ND filters serve to attenuate the intensity of light, pro- 
jected to four zones In the ring-like aperture of the stop 
memt>er 18, by 10 - 100 %. These four zones corre- 

60 spond respectively to the portions on the pupil plane 
of the projection lens system 31 which portions 
include four points on the x and y axes corresponding 
respectively to the directions of the longitudinal and 
lateral pattern features of the reticle 30. By means of 

55 this filter 17, the light intensity at the central portion of 
a secondary light source as formed at the light emit- 
ting surface of the integrator 1 9 as well as the light in- 
tensity along the x and y axes, intersecting with each 
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other at the center of the secondary light source, are 
attenuated and, as a result, the light Intensity of the 
effective light source along the x and y axes on the 
pupil plane of the projection lens system 31 is 
attenuated. 5 

The reticle 30 is heid on a reticle stage, not 
shown. The projection lens system 31 may be desig- 
ned with respect to light of Wine (wavelength 365 nm) 
as selected by the filter 1 6. The first and second imag- 
ing lens systems (20, 22; 26, 28) are so set as to place io 
the light emitting surface of the integrator 19 and the 
pupil plane of the projection lens system 31 in an opti- 
cally conjugate relationship, while the second Imaging 
lens system (26. 28) is so set as to place the edge of 
the aperture of the blade device 24 and the circuit pat- is 
tern of the reticle 30 in an optically conjugate relation- 
ship. The blade device 24 comprises four light 
blocking plates each having a knife-edge like end and 
each being movable independently of the others so as 
to allow adjustment of the size of the aperture in 20 
accordance with the size of the integrated circuit pat- 
tern on the reticle 30. The position of each light block- 
ing plate is controlled In response to a signal from a 
computer (not shown) provided for the overall control 
of the apparatus, and the size of the aperture is 25 
optimized to the reticle 30 used. While not shown in 
the drawings, the exposure apparatus is equipped 
with a reticle alignment scope to be used for aligning 
the reticle 30 with respect to the exposure apparatus 
as well as an off-axis alignment scope disposed 30 
beside the projection lens system 31, for aligning the 
wafer 32 with respect to the reticle 30. 

The half mirror 23 serves to reflect a portion of 
light from the integrator 19. and the reflected light is 
projected through the aperture of the light blocking 35 
plate 40 and is collected by the condensing lens 41 
upon the quartered detector 42. The detector 42 has 
a light receiving surface disposed to be optically 
equivalent to the pupil plane of the projection lens sys- 
tem 31 , and a ring-like effective light source as fomied 40 
by the stop nr^mber 18 is projected on this light receiv- 
ing surface. Each detector section of the detector 42 
produces a signal corresponding to the Intensity of 
light Impinging on the surface of that section. By Integ- 
rating the output signals of the sections of the detector 45 
42. an integration signal for the opening/closing con- 
trol of the shutter 15 is obtainable. 

The components 35 - 37 disposed on the X-Y 
stage 34 provide a measuring unit for examination of 
the performance of the illumination system above the so 
reticle 30, For the examination of the illumination sys- 
tem, the X-Y stage 34 moves to a predetermined posi- 
tk)n to place the measuring unit at a position Just 
below the projection lens system 31. In this measuring 
unit, light emanating from the illumination system and ss 
reaching the image plane of the projectk>n lens sys- 
tem 31 is directed through the aperture 35a of the 
glass plate 35 and the aperture of the casing 36 to the 



photoelecfric converter 37. The light receiving plane 
of the aperture 35a is placed at the Image plane posi- 
tion of the projection lens system 31 and, if necessary, 
by using an unshown focus detecting system (a sen- 
sor of well known type, for detecting the level of the 
wafer 32 surface) as well as a measuring unit pro- 
vided In the X-Y stage 34. the level of the aperture 35a 
In the directkin of the optical axis of the apparatus may 
be adjusted. The glass plate 35 is attached to the cas- 
ing 36, and the casing 36 has formed therein an aper- 
ture as described. In this example, the measuring unit 
is so arranged that the aperture of the casing 36 is dis- 
placeable to the aperture of the glass plate by a pre- 
determined amount. The aperture of the casing 36 is 
placed at such location at which the N.A. at the image 
plane skJe of the projection lens system 31 is large 
and also which is spaced sufficiently from the image 
plane. As a result, at the light receiving plane of the 
aperture of the casing 36. the same light distribution 
as provkled on the pupil plane of the projection lens 
system 31 is produced. In this embodiment, such 
measuring unit is not used. How the measuring unit is 
to be used will be described later with reference to an 
embodiment to be described, hereinafter. 

In this embodiment through the function of the fil- 
ter 17 and the stop member 18, an effective light 
source having a generally ring-like shape but having 
decreased Intensity portions, Including four zones on 
the X and y axes corresponding to the directions of the 
longitudinal and lateral pattern features of the reticle 
30, as compared with the intensity of the other por- 
tions, is defined on the pupil plane of the projection 
lens system 31; by means of the Illumination system 
(11. 12. 14. 15, 105. 16, 17, 18, 19, 20. 21. 22, 23. 24, 
25. 26. 27 and 28), the circuit pattern of the reticle 30 
is illuminated with uniform illuminance; and an image 
of the circuit pattern is projected by the projection lens 
system 31 upon the wafer 32, whereby the image of 
the circuit pattern is transferred (printed) onto the res- 
ist of the wafer 32. The effect of such projection 
exposure is as has been described hereinbefore and, 
with light of i-line, a fine pattern of 0.4 micron can be 
recorded on the resist of the wafer 32 sharply and 
sbak>ly. 

While in this example the filter 17 and the stop 
member 18 are disposed in front of the integrator 1 9, 
they may be disposed just after the integrator, particu- 
lariy at a locatkin which Is optically conjugate with the 
pupil plane of the projection lens system 31. Further, 
a stop member 18 which is shown in Figure 6B and Is 
used in a third embodiment to be described later, may 
be used in substitution for the filter 17 and the stop 
member 18. 

Figures 6A and 68 show a third embodiment of 
the present inventkin which Is another example of 
semiconductor device manufacturing projection 
exposure apparatus wherein an image of a fine pat- 
tern is projected in accordance with a method of the 
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present invention. 

In the drawings, conres ponding elements or those 
elements having corresponding functions as those in 
Figures 5A - 5C, are denoted at the same reference 
numerals. Comparing the apparatus of this embodi- s 
ment with that of Figures 5A - 5C. the former differs 
from the latter In that as shown In Figure SB. the aper- 
ture of the stop member 1 6 comprises four separate 
apertures; in place of the cross ND filter, four separate 
filters 17a, 17b, 17c and 17d conresponding respect- io 
ively to the separate apertures of the stop nr)emt>er 18 
are used; and a pyramid-like prism 13 is inserted be- 
tween the mirrors 12 and 14. 

In this embodiment, the output of the quartered 
detector 42 is used not only for the opening/dosing 15 
control of the shutter 15 but also for a different pur- 
pose or purposes. Additionally, the measuring unit (35 

- 37) Is used. 

Now, refemng mainly to the differences of the 
present embodiment to the preceding embodiments, 20 
advantageous features of the present embodiment 
will be explained. 

If the integrator 1 9 is Illuminated with lightfrom the 
Hg lamp 1 1 , without using the prism 1 3, the filters 1 7a 

- 17d and the stop member 18, then a secondary light 25 
source having a light quantity distribution, like a Gaus- 
sian distribution, with a high peak at its center is for- 
med on the light exitsurface of the Integrator 1 9. Since 

the light exit surface of the integrator is optically con- 
jugate with the pupil plane of the projection lens sys- 30 
tem 31 , an effective light source having a peak of light 
quantity distribution, at the center of the pupa, is for- 
med on this pupil plane. As described hereinbefore, 
the effective light source to be used in this aspect of 
the present invention is one as having a light quantity 3s 
distributk>n with no peak at the pupil center and, there- 
fore, it is necessary to block the light impinging on a 
portion about the center of the integrator 19. If, how- 
ever, the stop member 18 is disposed simply in front 
of the integrator 1 9, a large portion of the lightfrom the 40 
Hg lamp is intercepted and thus the loss of light quan- 
tity is large. In oonsideratk)n thereof, in the present 
embodiment the pyramtd-like prism 13 is Interposed 
just after the elliptical mirror 12 to control the illumi- 
nance distribution on the optical integrator 19. 4S 

The Hg lamp 11 is so disposed that its light emit- 
ting portion coincides with the first focal point posltk)n 
of the elliptical mirror 12, and the light en^natlng from 
the Hg lamp 1 1 and reflected by the eHlptlcal mln-or 12 
is transfonmed by the prism 13 into four light beams so 
deflected in different directions. These four light 
beams are reflected by the mirror 14 and reach the 
position of the shutter 15. If the shutter 15 is open, the 
light beams are incident on the filter 16. By this filter 
1 6. the iline component is selected out of the emitted 65 
light spectrums of the Hg lamp 11. for ensuring the 
best performance of the projectton lens system 31 for 
the projectk)n of an image of the reticle 31 on a resist 



(photosensitive layer) of the wafer 32. 

The four light beams from the filter 16 pass 
through the field lens 105 and then impinge on the fit- 
ters 17a - 1 7d, respectively, which are important com- 
ponents of this embodiment. These four filters serve 
as a correcting means for making the light quantities 
of the four light beams substantially uniform to thereby 
correct the symmetry in light quantity of four portions 
of the effective light source as formed on light exit sur- 
face of the integrator 19 and thus that as formed on 
the pupil plane of the projection lens system 31. If 
adjustment of the light quantity attenuating function of 
each filter Is desired, different types of ND filters may 
be prepared for each filter so that they may be used 
selectively. Alternatively, each filter may be provided 
by an interference filter and, by utilizing the band nar- 
rowness of the interference filter, the interference filter 
may be tilted to effect the adjustment 

The stop member 18 receives the four light 
beams from the filters 17a - 17d. As shown in Figure 
6B, the stop member 18 has four circular apertures 
which correspond to the four light beams from the fil- 
ters 17a - 17d, In a one-to-one relationship. Thus, the 
integrator 19 is illuminated with four light beams from 
the four apertures of the stop member 1 8. whereby an 
effective light source such as shown in Figure 3A and 
correspondirtg to the apertures of the stop member 
18, is formed on the light exit surface of the Integrator 
19 and thus on the pupil plane of the projection lens 
system 31. 

Usually, the apertures of the stop member 18 
each may have a shape corresponding the outer con- 
figuration of each of small lenses constituting the 
integrator 19. If, therefore, each small lens of the 
integrator has a hexagonal sectional shape, each 
aperture may be fomied with a hexagonal shape like 
the sectional shape of the small lens. 

The light from the optical Integrator 19 goes by 
way of the lens 20. the mirror 21, the lens 22 and the 
half mirror 23 to the blade device 24. Here, the light 
beams from the lenses of the integrator 1 9 are super- 
posed one upon another on the plane of the blade 
device 24, whereby the blade device 24 Is illuminated 
with unlfomi illuminance. Also, the half minror 23 ser- 
ves to reflect a portion of each light beam from each 
lens of the integrator 19, and the light blocking plate 
40 is illuminated with the reflected light. Light passing 
through the aperture of the light blocking plate 40 is 
collected by the lens 41 on the quartered detector 42. 

The light passing through the aperture of the 
blade device 24 is directed by the mirror 25, the lens 
26, the mirror 27 and the lens 28 to the reticle 30. 
Since the aperture of the blade device 24 and the cir- 
cuit pattem of the reticle 30 are in an optically conju- 
gate relationship, the light beams from the lenses of 
the integrator 19 are superposed one upon another, 
also on the retk^e 30. Thus, the reticle 30 is illumi- 
nated with uniform illuminance, and an image of the 



9 



17 



EP b 500 393 A2 



18 



circuit pattern of the reticle 30 is projected by the pro- 
jection lens system 31. 

The detector sections of the quartered detector 
42 correspond respectively to four separate portions 
of the effective light source such as shown in Figure s 
3A, and each section is able to detectthe light quantity 
in each corresponding portion Independently of the 
others. By combining the outputs of all the sections, 
the opening/closing control for the shutter 15 can be 
effected, as described hereinbefore. On the other io 
hand, by mutually comparing the outputs of the sec- 
tions, any unbalance in proportion of the light quan- 
tities at the respective portions of the effective light 
source can be checked. Here, calibration among the 
detector sections of the quartered detector 42 is effec- is 
tive for enhanced reliability of the unbalance check. 
Such calibration will be described later. 

The shape of the effective light source formed on 
the pupil plane of the apparatus corresponds to the 
shape of the integrator 19. Since the integrator 19 20 
itself is provided by a combination of small lenses, in 
a microscopic sense the light quantity distribution of 
the effective light source comprises a combinatk>n of 
discrete ones each con-es ponding to the shape of 
each lens. However, in a macroscopic sense, a light 25 
quantity distribution such as shown in Figure 3A is 
provided. 

In this embodiment, the light quantity monitor 
means (23 and 40 - 42) and the measuring unit (35 - 
37) are used to check the light quantity distributton of 30 
the effective light source. To this end, the X-Y stage 
34 is moved to place the measuring unit (35 - 37) to 
a position Just below the projection lens system 31 . In 
this measuring unit, light emanating from the illumi- 
nation system and reaching the image plane of the 35 
projectfon lens system 31 is directed through the 
aperture 35a of the glass plate 35 and the aperture of 
the casing 36 to the photoelectric converter 37. The 
light receiving plane of the aperture 35a is placed at 
the image plane positk>n of the projection lens system 40 
31. The glass plate 35 is attached to the casing 36 
and, as described, the casing 36 has an aperture at a 
center thereof. In this example, the measuring unit Is 
so arranged that the aperture of the casing 36 Is dls- 
placeable to the aperture of the glass plate 35 by a 45 
predetenmined amount. When illumination is provided 
with the illumination system of this embodiment, on 
the top of the casing 36, four portions of an effective 
light source such as shown In Figure 3A are provided. 
The size and shape of the aperture of the casing 36 so 
can be changed, as the aperture of the blade device 
24. By changing the size and/or the shape of the aper- 
ture by means of a driving system (not shown), it is 
possible to detect each of the four porttons of the 
effective light source independently of the others or, ss 
alternatively, it is possible to detect the four portions 
of the effective light source at once. On the other 
hand, the photoelectric converter 37 has a light 



receiving portion of an area sufficient to receive all the 
light passing through the aperture 35a of the glass 
plate 35. If the area of the light receiving portion of the 
photoelecb-ic converter 37 is too large and the res- 
ponse characteristic of the electrical system deg- 
rades, a condensing lens may be inserted between 
the glass plate 35 and the photoelectric converter 37 
to collect the light from the aperture 35a of the glass 
plate 35. This is effective to reduce the area of the light 
receiving portion of the photoelectric converter 37 to 
thereby improve the response characteristic. Further, 
if desired, the unifonmness of the illuminance on the 
Image plane can be measured by moving the X-Y 
stage 34 along the imago plane while holding the 
aperture of the casing 36 in a state for concurrent 
detection of all the four portions of the effective light 
source. 

The result of measurement of the light quantity 
(intensity) in each portion of the effective light source 
obtained through cooperation of the movement of the 
casing 36, is compared with an output of correspond- 
ing one of the detector sections of the quartered 
detector 42 at the Blumlnation system side. Namely, 
the photoelectric converter 37 at the X-Y stage 34 side 
is used as a reference detector for calibration of the 
output of the quartered detector 42. This allows stable 
nfK)nitoring any change with time of the effecth^e light 
source. Then, any unbalance In light quantity of the 
portions of the effective light source can be detected 
by means of the quartered detector 42 or the photo- 
electric converter 37, and light quantity matching of 
the portions of the effective light source can be done 
by using the filters 17a - 17d. 

In this embodiment: through the function of the 
stop member 18 shown in Figure 6B, an effective light 
source not having any peak of light quantity distribu- 
tion on the X or y axis, corresponding to the directions 
of the longitudinal and lateral pattem features of the 
reticle 30, or at the pupil center (optical axis), is 
defined by zero-th order light on the pupil plane of the 
projection lens system 31, while on the other hand, by 
means of the illumination system (11, 12, 13. 14, 15. 
16. 17. 18, 19, 20. 21. 22, 23, 24. 25, 26. 27 and 28). 
the circuit pattem of the reticle 30 Is Illuminated with 
unifonm illuminance. Thus, an image of Uie circuit pat- 
tern Is projected by the projection lens system 31 
upon the wafer 32. whereby the image of the circuit 
pattem is transferred to tiie resist of the wafer 32. The 
effect of such projection exposure Is as has been des- 
cribed hereint>efore with reference to Figures 3 and 4 
and. with the use of light of i-line. a fine pattem of 0.4 
micron can be recorded on the resist of the wafer 31 
sharply and stably. 

Figure 7 Is a fragmentary schematic view of a 
fourth embodiment of the present invention, which is 
an improved form of the semiconductor device man- 
ufacturing projection exposure apparatus of Figure 6. 
The elements of Figure 7 conresponding to the Figure 



10 



19 EPO 

6 embodiment are denoted by the same reference 
numerals aa of Figure 6. 

In the drawing, denoted at 1 1 1s a ultra-high press- 
ure Hg lamp, and denoted at 12 is an elliptical mirror. 
In this example, light emanating from the elliptical mir- 
ror 12 is divided by a combination of t>eam splitters (51 
- 53). More specifically, In order to provide an effective 
light source having four portions such as shown in Fig- 
ure 3A. the light emanating from the elliptical minror 12 
is divided sequentially by means of a first beam split- 
ter 51 and a second beam splitter 53. Denoted at 52 
is a deflecting minror for deflecting the light path. The 
second beam splitter 53 is disposed obliquely across 
the light paths of the two light beams as divided by the 
first beam splitter 51 « and it serves to divide each of 
the two light beams advancing alortg the sheet of the 
drawing and to deflect a portion of each of the two light 
beams In a direction perpendicular to the sheet of the 
drawing. The remaining portion of each of the two light 
beams, not deflected, goes along the sheet of the 
drawing, as illustrated. A minror optical system (not 
shown) is disposed on the path of that portion of light 
as deflected by the second beam splitter 53, and It 
serves to reflect and direct that portion of light along 
a path parallel to the path of light not deflected by the 
second beam splitter. In this manner, by means of the 
beam splitters 51 and 53 and the minror 52 as well as 
the unshown mirror optical system, the light path is 
divided Into four light paths. These light paths are then 
combined so as to form a secondary light source with 
a light distribution such as shown in Figure 3A, on the 
light exit surface of the integrator 19. As a result, on 
the pupil plane of the projection lens system 31. an 
effective light source such as shown in Figure 3A Is 
formed. 

On the two divided light paths which are present 
on the sheet of the drawing, relay lenses 61a and 62a 
are disposed, respectively. These relay lenses 61a 
and 62a serves to collect the light beams, advancing 
along the respective paths, on the Integrator 19. Since 
the insertion of the first beam splitter causes a differ- 
ence in optical path length between these two light 
paths, the relay lenses 61a and 61 b aro slightly diffe- 
rent from each other In respect to the structure and the 
focal length. This is also the case with an additional 
pair of relay lenses (not shown) which are disposed on 
the pair of tight paths, not shown in the drawing. 

Denoted at 63 Is a shutter which can be controlled 
(opened/closed) for each of the four light beams pro- 
vided by the beam splitters 51 and 53. Denoted at 16a 
and 16b are wavelength selecting filters disposed on 
the two divided light paths, respectively, which are 
present on the sheet of the drawing. While not shown 
In the drawing, similar filters are disposed on the two 
light paths which are not on the sheet of the drawing. 
These filters each serves to extract the i-line compo- 
nent out of the light from the Hg lamp, as the filter 1 6 
of the preceding embodiment. Denoted at 17a and 



DO 393 A2 20 

1 7b are filters disposed on the two dh^ided paths in the 
sheet of the drawing, each for adjusting the llghtquan- 
tlty In a conrespondlng portion of the effective light 
source. Similar filters are disposed on the two light 

5 paths not included in the sheet of the drawing. These 
filters have a similar function as of the filters 1 7a - 1 7d 
of the preceding embedment. 

In this embodiment the light path to the integrator 
is divided into four and, for this reason, the integrator 

10 is provided by a combination of four small integrators. 
Because of the relationship of superposition of light 
paths, only two integrators 19a and 1 9b are illustrated 
in the drawing. Since the structure after the integ- 
rators is similar to that of the preceding embodiment, 

15 further description will be omitted for simplicity. 

Figure 6 is a fragmentary schematic view of a fifth 
embodiment of the present invention, showing a semi- 
conductor device manufacturing projection exposure 
apparatus wherein an image of a fine pattern is pro- 

20 jected In accordance with a method of the present 
invention. 

In the apparatus of this embodiment, the position 
of an effective light source is changed with time to 
thereby form an equivalent effective light source as of 

25 that shown in Figure 3A is fonmed on the pupil plane, 
and the inriage of a circuit pattem is projected. In Fig- 
ure 8, the elements corresponding to those of the pre- 
ceding embodiments are denoted by the same 
reference numerals. Thus, denoted at 1 1 is a ultra- 

30 high pressure Hg lamp; denoted at 12 is an elliptical 
minror; denoted at 14 is a deflecting mirror; denoted at 
15 is a shutter; denoted at 16 is a wavelength select- 
ing filter; and denoted at 19 Is an optical Integrator 
The unshown portion, after the projection lens system 

35 31 , has the same structure as of the preceding embo- 
diments. 

An important feature of this embodiment resides 
In that a flat parallel plate 71 which Is movable with 
time is disposed after the integrator 19. The parallel 

40 plate 71 is disposed obliquely to the optical axis of the 
illumination optical system, and it is swingable to 
change the angle with respect to the optical axis, as 
Illustrated, to shift the optical axis. This means that. If 
the Integrator 19 is observed through the flat parallel 

45 plate 71, from the reticle 30 side, the integrator 19 
appears moving up and down or left and right with the 
swinging movement of the parallel plate 71. In this 
example, the parallel plate 71 Is so supported that it 
can be nrraved also rotationally about the optical axis. 

60 Therefore, by rotatbnally moving the parallel plate 71 
while retaining its inclination of a predetermined angle 
to the optical axis, upon the pupil plane of the projec- 
tion lens system 31 it Is possible to place a single 
effective light source at a desired position on a clrcum- 

65 ference of a certain radius, spaced from the optical 
axis (pupil center). For actual exposure operation, the 
parallel plate 71 is moved and, when the single effec- 
tive light source comes to a desired position, the 
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attitude of the parallel plate is fixed and the exposure 
Is effected for a predetermined time period. Such 
operation Is executed four times so as to provide a 
single light source at each of the four portions of the 
effective light source as shown in Figure 3A and, then, 5 
the exposure of one shot area (of the wafer) is conrv 
pleted. 

In this embodiment, the Hg lamp 11 Is used as a 
light source. If a light source of pulse emission type 
such as an excimer laser is used, the parallel plate 71 io 
may be moved uninterruptedly and the exposure con- 
trol nnay be such that the light source is energized 
when the parallel plate 71 comes to a predetenmlned 
position. In such case, conveniently an excimer laser 
is used as a light source and the period of rotation of is 
the parallel plate 71 about the optical axis may be 
selected to be matched with the emission repetition 
frequency of the excimer laser. As an example, If a 
used laser emits at 200 hHz, then efficient exposure is 
attainable by so controlling the number of revolutions 20 
of the parallel plate that the effective light source dis- 
places to an adjacent quadrant in response to each 
light emission. 

Where the system is arranged so that a single 
effective light source displaces with time, the effective 25 
light source portions (distributions) as defined in dif- 
ferent portions of the pupil are provided by the light 
energy from one and the same llghtsource and, there- 
fore, it is easy to set, at the same intensity, the effec- 
tive light source portions to t>e separately defined on so 
the pupil plane. This is the very reason why the filter 
17, used In the preceding embodiments for correction 
of light quantity of the effective llghtsource, Is not pro- 
vided. 

Referring back to the drawing, the light passing 35 
through the parallel plate 71 goes byway of a lens 72, 
a half mirror 73 and a lens 74, and it illuminates the 
reticle 30 uniformly. Since the first Imaging optical 
system used in the preceding embodiments is not 
used in this embodiment, a blade device 74 separate 40 
from the blade device 24 of the preceding embodi- 
ments is provided in the neighbourhood of the reticle 
30. The blade device 74 has a similar structure and a 
similar function as of those of the blade device 24, and 
the size of the aperture thereof can be changed in 45 
accordance with the size of the circuit pattern formed 
on the reticle 30. 

The mirror 73 serves to reflect almost all the por- 
tion of the light Inputted thereto, but It also serves to 
transmit and direct a portion of the input light to a light 50 
quantity monitor, provided for exposure control. 
Denoted at 35 is a condenser lens, and denoted at 76 
la a pinhole plate which Is disposed at a position opti- 
cally equivalent to that of the reticle 30. Light from the 
mirror 73 is collected by the condenser lens 75 upon ss 
the pinhole plate 76, and light passing through the 
pinhole plate 76 is received by a photodetector 77. 
The photodetector 77 produces a signal correspond- 



ing to the intensity of light impinging on it. On the basis 
of this signal, an unshown computer of the apparatus 
controls the opening/closing of the shutter 15. It Is to 
be noted here that, since in this embKxJiment it is not 
necessary to irwnitorthe light quantity ratio of the por- 
tions of the effective light source, the photodetector 
77 m^y be of a type other than a quartered detector. 

In this embodiment: while an effective light source 
such as shown in Figure 3A is defined on the pupil 
plane of the projection lens system 31, the circuit pat- 
tern of the reticle is illuminated with uniform illumi- 
nance. Thus, an image of the circuit pattern of is 
projected by the projection lens system 31 , whereby 
the image of the circuit pattem is transferred to the 
resist of the wafer. The effect of such projection 
e}cposure is as has been described hereinbefore, and 
a fine pattem of 0,4 micron can be recorded on the 
resist of the wafer 32 sharply and stably. 

Figure 9 is a fragmentary schematic view of a 
sixth embodiment of the present invention, showing a 
semiconductor device manufacturing projection 
exposure apparatus wherein an image of a fine pat- 
tern is projected In accordance with a method of the 
present invention. 

In this embodiment, a KrF excimer laser B1 
(center wavelength 248.4 nm and bandwidth 0.03 - 
0.05 nm) is used as a light source. Important features 
reside In that since the excimer laser 81 Is of pulse 
emission type, no shutter Is provided and the expos- 
ure control is done through the actuation control of the 
laser itself; and, since the laser itself is equipped with 
a filter and the t^andwidth oflaserlight is narrowed, no 
wavelength selecting filter Is provided. The beam 
splitters 51 and 53, tiie minnor 52, the filter 17 and the 
integrator 19 have a similar function as those of the 
embodiment shown in Figure 7. The portion after the 
integrator 19 Is of a similar structure as shown in Fig- 
ure 6A, except for that a projection lens system (not 
shown) is provided by a lens assembly designed with 
respect to a wavelength 248.4 nm and consisting of 
silica (main component). 

In the excimer laser 81, the laser light has high 
coherency and, therefore, It Is necessary to suppress 
production of a speckle pattem. To this end, in this 
embodiment, an incoherency applying unit 82 is pro- 
vided at a position after the light is divided by the 
beam splitter group (51 - 53). While many proposals 
have been made as to how to remove the speckle In 
an ilium inatton optical system using an excimer laser, 
the provisnn of an effective light source in accord- 
ance with the present invention is essentially compat- 
ible to them, and various known methods may be 
used. In consideration of this, details of the unit 82 are 
omitted here. 

In this embodiment while an effective light source 
such as sf>own in Figure 3A is defined on the pupil 
plane of the projection lens system 31 through the 
Illustrated lllumlnatton optical system (17, 19. 51, 52, 
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53 and 82), the circuit pattern of the reticle is Illumi- 
nated with uniform lUunf^lnance. Thus, an image of the 
circuit pattern of is projected by the projection lens 
system 31 , whereby the in^ge of the circuit pattern is 
transferred to the resist of the wafer. The effect of 
such projection exposure is as has been described 
hereinbefore, and a fine pattern of 0.3- 0.4 micron can 
be recorded on the resist of the wafer 32 sharply and 
stably. 

Figure 10 is a fragmentary schematic view of a 
seventh embodiment of the present invention, which 
is an improved form of the apparatus of the sbcth 
embodiment shown in Figure 9. 

In this embodiment, laser light from a laser 81 is 
divided into four light beams by a reflection type py- 
ramid-iike prism. While in the apparatus of Figure 6 a 
transmission type pyramid-like prism 13 is used for 
the light division, the same effect Is attainable by 
using reflection type one. As a matter of course, the 
structure of this aspect of the present invention can t>e 
realized by using a ultra-high pressure Hg lamp but, 
in this example, a KrF excimer laser is used as a light 
source. The laser light emanating from the laser 81 is 
transfonmed into an appropriate beam diameter by 
means of an afocal beam converter 91 and, after this, 
it enters a pyramid-like pnsm 92. The anrangement of 
the pyramid-like prism is so set that four reflectk)n sur- 
faces thereof are oriented to define, as a result, an 
effective light source such as shown in Figure 3B, at 
the pupil position of the projection lens system (not 
shown). Denoted at 93 are min'ors for deflecting the 
lights as divided and reflected by the reflection sur- 
faces of the prism 92. The portion after the minnors 93 
has a similar structure as of the apparatus of Figure 
9, whereas the portion after the integrator 19 has a 
similar structure as of Figure 6A, except for that the 
unshown projection lens system is provided by a lens 
assembly designed with respect to a wavelength 
248.4 nm and consisting of silica (main component). 

Also in this embodiment: while an effective light 
source such as shown in Figure 3A is defined on the 
pupil plane of the projection lens system 31 through 
the illustrated Illumination optical system (17, 19. 91, 
92, 93 and 82), the circuit pattern of the reticle ts Illumi- 
nated with unifonm illuminance. Thus, an image of the 
circuit pattern of is projected by the projection lens 
system 31 , whereby the inr^ge of the circuit pattern is 
transferred to the resist of the wafer. The effect of 
such projection exposure is as has been described 
hereinbefore, and a fine pattem of 0.3 - 0.4 micron can 
be recorded on the resist of the wafer 32 sharply and 
stably. 

Figure 1 1 is a fragmentary schematic view of an 
eighth embodiment of the present invention, showing 
another form of semiconductor device manufacturing 
projectnn exposure apparatus wherein an image of a 
fine pattem is projected in accordance with a method 
of the present Invention. 



In this emt>odiment, an illumination system using 
a bundle of fibers 101 Is shown. The fiber bundle 101 
' has a light entrance surface disposed at a position 
whereat light from a ultra-high pressure Hg lamp 1 1 

5 is focused by an elliptical minnor 12. Light beams are 
propagated through the fibers and are directed to the 
light entrance surfaces of the Integrators 19. The end 
portion of the fiber bundle remote from the ultra-high 
pressure Hg lamp 11, that is, the end portk>n at the 

10 light exit surface thereof, is branched into four bun- 
dles corresponding respectively to the portions of the 
effective light source shown in Figure 3A. Filters 17 
are disposed at the exits of the fiber bundles, respect- 
ively, for adjustment of light quantities in the portion 

15 of the effective light source. The optical arrangement 
of the remaining portion of the apparatus is provided 
by the same structure as that of the Figure 8 embodi- 
ment. However, as a photodetector for the light quan- 
tity nfK>nitoring, a quartered detector 102 is used to 

20 detect the balance of light quantities from the fiber 
bundles (i.e. four portions of the secondary light 
source and thus four portions of the effective light 
source). The detector sections of the quartered detec- 
tor 102 correspond to the exits of tiie four integrators 

25 19, respectively. 

In this embodiment while an effective light source 
such as shown in Figure 3A is defined on the pupil 
plane of the projection lens system 31 , the circuit pat- 
tern of the reticle is illuminated with uniform Slumi- 

30 nance; and an image of the circuit pattem of is 
projected by the projection lens system 31, whereby 
the image of the circuit pattem is transferred to the 
resist of the wafer. The effect of such projection 
exposure is as has been described hereinbefore, and 

35 a fine pattem of 0.4 micron can be recorded on the 
resist of the wafer 32 sharply and stably. 

Figure 12 is a fragmentary schematic view of a 
ninth embodiment of the present invention, showing 
another example of semiconductor device manufac- 

40 turing projection exposure apparatus wherein an 
image of a fine pattern is projected in accordance with 
a method of the present invention. 

In this embodiment, an Illumination system Is pro- 
vided by using a plurality of light sources. In this 

45 example, ultra-high pressure Hg lamps 11a and 11b 
are used. However, it is a possible alternative to use 
an excimer laser and to construct a laser optical sys- 
tem, that is, an optical system for a parallel beam of 
small divergence angle. 

60 While not shown in the drawing because of super- 

position, four ultra-high pressure Hg lamps are used 
in this emt>odiment Light beams from these four Hg 
lamps enter a concave lens 103. Then the light pas- 
ses through a wavelength selecting interference filter 

55 16 and four filters, for the adjustment of light quantiti'es 
in the portions of the effective light source, and is 
received by the integrators 19. The optical arrange- 
ment after the Integrators 19 Is similar to that of the 

13 
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Figure 11 apparatus, and an effective light source 
such as shown in Figure 3A Is fonmed on the pupil 
plane of the projection lens system 31. Thus, also in 
this embodiment, an image of the circuit pattern of the 
reticle 31 is projected on the wafer, whereby the 5 
image of the circuit pattem of the reticle is transfenred 
to a resist of the wafer The effect of such projection 
exposure is as has been described hereinbefore, an 
a fine pattern of 0.4 micron can be recorded on the 
resist of the wafer, sharply and stably. io 

In the semiconductor device manufacturing pro- 
jection exposure apparatus having been described in 
the foregoing, the arrangement of the effective light 
source on the pupil plane is fixed. However, as des- 
cribed in the introductory portion of the Specification, is 
the parameter p representing the center position of 
each portion of the effective light source and the par- 
ameter q representing the radius of each portion or 
the radius of a circle circumscribing it as well as the 
shape of each portion of the effective light source are 20 
to be optimized in accordance with a circuit pattern 
which is the subject of the projection exposure. In con- 
sideration thereof, It Is deslrak)te to arrange the sys- 
tem so that in each embodiment the parameters p and 
q, for example, are made changeable. By way of an 25 
example, in an embodiment which uses the stop 
member 18, a stop member having a variable aper- 
ture shape may be used therefor or, alternatively, dif- 
ferent stop members having apertures of different 
shapes may be prepared. so 

Further, the apparatuses described hereinbefore 
are those for the manufacture of semiconductor 
devices. However, the Invention Is not limited to the 
projection of an image of an integrated circuit pattem. 
That Is, the invention is applicable to many cases 35 
wherein an image of an article having a fine pattern 
mainly consisting of longitudinal and lateral pattern 
features, Is to be projected through an optical system. 

Further, while in the apparatuses desGrit>ed 
hereinbefore the image projecting optical system 40 
comprises a lens system, the invention is applicable 
also to a case where a mirror system is used therefor. 

Still further, while the apparatuses descrit>ed 
hereinbefore uses light of i-line or laser tight of 
wavelength 248.4 nm for the innage projection, the 45 
applicability of the present invention does not depend 
on the wavelength. Thus, as an example, the inven- 
tion Is applicable to a semiconductor device nnanufac- 
turing projection exposure apparatus which uses light 
of g-llne (436 nm). so 

As described in the foregoing, through formation 
of a specific effective light source on a pupil of an 
Image projection optical system, an inrtage of a fine 
pattem having a very high frequency can be projected 
with a similar resolution as attainable with a phase 66 
shift mask and, convenientJy, with a simple process as 
compared with use of the phase shift mask. 

As described, the present Invention has paid a 



particular note to the necessary resolution for and the 
directionality of a pattem of a semiconductor inte- 
grated circuit and proposes selection of an optimum 
illumination method, best suited to the spatial fre- 
quency and the directionality of that pattem. 

Some emt>odiments to be described below have 
an Important feature that: In order to meet the semi- 
conductor Integrated circuit manufacturing processes 
including steps of a maximum number not less that 20 
(twenty), an illumination device has a conventional 
illumination system and a high-resolution illumination 
system which can be easily interchanged. 

Figure 13 is a schematic view of a main portion 
of an embodiment of the present invention. Denoted 
at 11 is a light source such as a ultra-high pressure 
Hg lamp, for example, having its light emitting point 
disposed adjacent to a first focal point of an elliptical 
minror12.Thelightemanat(ngfrom thelamp 11 Is col- 
lected by the elliptical minror 12. Denoted at 14 is a 
minror for deflecting tiie light path, and denoted at 15 
is a shutter for limiting ttie quantity of light passing 
therettirough.^ Denoted at 150 is a relay lens system 
which serves to collect the light from the Hg lamp 1 1 
on an optical integrator 19, through a wavelength 
selecting filter 1 6. The optical integrator 1 9 is provided 
by small lenses an-ayed two-dimensional ly, to be des- 
cribed later. 

In this embodiment, the optical integrator 19 may 
be illuminated in accordance with either a "critksal 
illumination method** or a "Kohler illumination 
method". Also, it may be that the light exit portion of 
the elliptical minror is imaged on the optical integrator 
19. The wavelengtii selecting filter 16 serves to select 
and pass light of a necessary wavelength component 
or components (e.g. i-line or g-line), out of the 
wavelength components of the light from the Hg lamp 
11. 

Denoted at 12 Is a stop shape adjusting member 
(selecting means for selecting intensity distribution of 
the secondary light source), for adjusting the shape of 
a stop, and it comprises a plurality of stops provided 
in a tunret arrangement The adjusting member is dis- 
posed after the optical integrator, more partlculariy. 
adjacent to the light exit surface 19b of the integrator 
19. The stop shape adjusting member 18 serves to 
select predetermined ones of small lenses, constitut- 
ing the optical integrator 19. in accordance with the 
shape of the Integrator 19. Namely. In this embodi- 
ment, by using the stop shape adjusting member 1 B. 
an illumination method suitable for the shape of a pat- 
tern of a semiconductor integrated circuit to be exp- 
osed (to t>e described later) is selected. Details of the 
selection of small lenses will be described later. 

Denoted at 21 Is a mirror for deflecting the light 
path, and derrated at 122 is a lens system for collect- 
ing the light passing through the adjusting member 
18. The lens system 122 plays an important role for 
the control of untformness of illumination. Denoted at 
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23 is a half mirror for dividing the light from the leris 
system 122 Into a transmitted light and a reflected 
light Of these lights, the light reflected by the half mir- 
ror 23 is directed through a lens 138 and a pinhole 
plate 40 to a photodetector 42. The pinhole plate 40 
is disposed at a position optically equivalent to that of 
a reticle 30 having a pattern to be exposed (printed), 
and the tight passing the pinhole plate is detected by 
the photodetector 42 for the control of the amount of 
exposure (based on control of the shutter 15). 

Denoted at 24 is a masking mechanical blade 
device, and the position thereof is adjusted by means 
of a driving system (not shown) In accordance with the 
size of a pattern of the reticle 30, to be exposed. 
Denoted at 25 ia a mirror, denoted at 26 is a lens sys- 
tem, denoted at 27 is a minror, and denoted at 28 is a 
lens system all of which serve to illuminate the reticle 
30. placed on a reticle stage 137, with the light from 
the Hg lamp. 

Denoted at 31 is a projection optical system for 
projecting and imaging the pattern of the reticle 30 
upon a wafer 32. The wafer 32 is attracted to and held 
by a wafer chuck 33 and, also, it is placed on an X-Y 
stage 34 whose position is controlled by means of a 
laser interferometer 136 and an unshown controller. 
Denoted at 38 is a mirror nrtounted on the X-Y stage 
34, for reflecting light from the laser interferometer. 

In this embodiment, through the adjusting mem- 
ber 1 8, a secondary light source is formed at the light 
exit surface 19b side of the optical integrator 19, and 
the light exit surface of the integrator 19 is disposed 
in an optically conjugate relationship with the pupil 
plane 31a of the projection optical system 31 through 
the elements 21, 122, 25, 26, 27 and 28. Thus, an 
effective light source image corresponding to the sec- 
ondary light source is formed on the pupil plane 31a 
of the projection optical system 31. 

Referring now to Figure 14, the relationship be- 
tween the pupil plane 31 of the projection optical sys- 
tem 31 and the light exit surface 19b of the optical 
integrator 1 9 will be explained. The shape of the effec- 
tive light source as fonmed on the pupil plane 31a of 
the projection optical system 31 corresponds to the 
shape of the optical Integrator 19. Figure 14 shows 
this, and in the drawing the shape of the effective light 
source image 19c of the light exit surface 19b formed 
on the pupil plane 31a of the projectk>n optical system 
31 Is Illustrated superposediy. For standardization, 
the diameter of the pupil 31a of the projection optical 
system is taken as 1.0 and, in this pupil 31a, the light 
exit surfaces of the small lenses constKuting the opti- 
cal integrator 19 are imaged to provide the effective 
light source Image 19c. In tills embodiment, each 
small lens of the optical Integrator 19 has a square 
shape. 

Here, the orthogonal axes which are the major 
directions to be used in designing a pattern of a semi- 
conductor integrated circuit, are taken on x and y 



axes. These directions correspond to the major direc- 
tions of the pattern formed on the reticle 30. respect- 
ively, and also substantially correspond to the 
directions (longitudinal and lateral sides) of the outer 

5 configuration of the reticle 30 having a square shape. 
As descrit>ed and as is well known in the art, usually 
the orthogonal axes used In the pattern designing cor- 
respond to X and y axes defined In the projection 
exposure apparatus with respect to which a reticle is 

10 to be placed on the reticle stage. Also, the x and y 
axes correspond to x and y axes along which the X-Y 
stage 34 is moved. 

The high-resolution illumination system shows Its 
best perfonnance particularly when the ki factor as 

15 described has a level near 0.5. In consideration of 
this, in this embodiment, through the restriction by the 
adjusting member 1 6, only those light beams passing 
through particular ones of small lenses of the optical 
integrator 19. as selected in accordance with the 

20 shape of the pattern on the reticle 30 surface, are 
used for the illumination of the reticle 30. More speci- 
fically, the selection of small lenses is so made as to 
assure that the light passes those regions of the pupil 
plane 31a of the projection optical system 31, other 

25 than the central region thereof. 

Figures ISA and 15B are schematic views of the 
pupil plane 31a, respectively, each showing the result 
of selection of those light beams passing particular 
ones of the smalt lenses of the optk;af integrator 19 

30 made by the restriction by the adjusting member 1 8, 
In each of these drawing, the painted area corres- 
ponds to the light blocking region while the non-pain- 
ted areas correspond to the regksns through which the 
light passes. 

35 Figure 1 5A shows an effective light source image 

on the pupil plane 31a to be defined in an occasion 
where, for a pattern, the directions with respect to 
which the resolution Is required conrespond to the x 
and y axes, respectively. Assuming now that the circle 
40 representing the pupil plane 31a is expressed by: 

x2 + y2 = 1, 
the following four circles are considered: 

(x-1)2 + y2 = 1 
x2 + (y-1)2 = 1 
45 (x + 1)2 + y2 = 1 

x2 + (y + 1)2 = 1 ' 
By these four circles, the circle representing the 
pupil plane 31a Isdivlded into eight regions 101 -108. 
In this emtxxllment an Illumination system hav- 
50 ing high resolution and large depth of focus in respect 
to the X and y directions, can be assured by preferen- 
tially selecting a group of sn^ll lenses present in 
even-numbered regions, namely, the regions 102, 
104, 106 and 108, so as to pass the light through the 
55 selected small lenses. Thus, as an example, a stop 
18b or 18c illustrated in Figure 16 is selected and the 
projection exposure is effected. Those small lenses 
around the origin (x = 0, y = 0) have a large effect in 

15 
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enhancement of depth of focus chiefly with regard to 
a pattern of a relatively wide linewldth and. therefore, 
whether such small lenses are to be selected or not 
is a matter of choice which may be determined in 
accordance with a pattern to be printed. 

In the example of Figure 15A, those small lenses 
around the center are excluded and, thus, the fomrted 
effective light source is substantially equivalent to that 
shown in Figure 3A. It is to be noted here that the out- 
side portion of the optical integrator 1 9 is blocked, 
against light, within the illumination system by means 
of an integrator holding means (not shown). Also, in 
Figures 15A and 15B; for better understanding of the 
relationship between the small lenses and the pupil 
plane 31a of the projection optical system 31 , the pupil 
plane 31a and the effective light source image 19c of 
the optical integrator 19 are illustrated superposedly. 

Figure 15B shows an example of restriction In an 
occasion where high resolution is required with regard 
to a pattern with features extending in ± 45 deg. direc- 
tions. Like the case of Figure 15A, the relationship be- 
tween the pupil 31a and the effective light source 
Image 1 9c of the optical Integrator 19 Is illustrated. For 
a ± pattern, under the same condition, the following 
four circles may be drawn superposedly on the pupil 
31a: 

(X- 1/^)2 + {y-lW2P = 1 
(X + 1/>^)2 + (y-1/A^)2 = 1 
(X + 1/^2)2 + (y + irN^)2 = 1 

(x-ir^)2 + (y + 1/^)2 = 1, 
and, like the example of Figure 15A, the pupil 31a is 
divided into eight regions 111 - 118. In this occasion, 
those which are contributable to the enhancement of 
resolution of a pattern with features of ± 45 deg. are 
odd-numbered regions, that Is, the regions 111, 113. 
115 and 117. By preferentially selecting those small 
lenses of the optical integrator which are present in 
these regions, for the pattem with features of ± 45 
deg. and a ki factor of a level of about 0.5, the depth 
of focus increases considerably. Thus, as an 
example, a stop 18d such as shown in Figure 16 is 
selected and the projection exposure is effected. 

Figure 16 is a schematic view of interchangeable 
stops 18a - 18d of the adjusting member 18. As illus- 
trated, a turret type Interchanging structure Is used. 
The first stop 18a is used when a pattem which is not 
very fine, as having a k^ factor of not less than 1, is to 
be printed. The first stop 18a has the same structure 
as in a conventional itluminatton system known in the 
art. and which serves to block, against light, the outer 
portion of small lens group of the optical integrator 1 9. 
The stops 18a - 18d are those added in accordance 
with the present invention. 

Generally, in an illumtnatk)n system for high re- 
solution, an advantageous result is obtainable to a 
high spatial frequency when a regk>n of the optical 



integrator which is, on the pupil plane, outside of the 
size as required In the conventional type illumination 
system. Is also used. As an example, In the conven- 
tional type illumination system it may be preferable to 

5 use those small lenses which are present within a 
radius of 0.5; whereas in an illumination system for 
high resolution, although small lenses around the 
center are not used, there is a case wherein those 
small lenses present within a circle of a nnaximum 

10 radius of 0.75 on the pupil plane (the radius of the 
pupil plane is 1) should preferably be used. 

For this reason, the size of the optical integrator 
19 as well as the effective diameter of the illumination 
system, for example, should preferably determined 

15 while taking into account both the conventional type 
and the high-resolution type. Also, it is preferable that 
the light intensity distribution at the light entrance sur- 
face 19a of the optical Integrator 19 has a sufficient 
size such that it functions sufficientiy even if a stop 1 8 

20 is inserted. The possibility of blocking the outer small 
lenses with the stop 1 8a is t>ecause of the reason des- 
cribed above. Thus, as an example, there may be a 
case wherein, although at the optical integrator 19 
side a maximum radius 0.75 is prepared, the stop 18a 

25 choices regions within a radius of 0.5. 

By determining the shape of a stop in consider- 
ation of the specificness of a pattem of a semiconduc- 
tor integrated circuit to be printed, as described, it is 
possible to anrange the exposure apparatus best 

30 suited for that pattern. The selectton of stops may be 
made automatically in response to a signal applied 
from a computer, provided for overall control of the 
exposure apparatus. Illustrated in Figure 16 is an 
example of stop shape adjusting member 18 formed 

35 with such stops. In this example, any one of four stops 
18a - 18d can be selected. As a matter of course, the 
number of stops may be increased easily. 

There is a case wherein the non-unlformness In 
illumination changes with the selection of a stop. In 

40 consideration of this, in this embodiment, such non- 
uniformness in illuminance can be finely adjusted by 
adjusting the lens system 122. Such fine adjustment 
can t>e done by adjusting the spacing between con- 
stituent lenses of the lens system 122 In the direction 

46 of the optical axis. Denoted at 151 is a driving 
mechanism for displacing one or more constituent 
lenses of the lens system 122. The adjustment of the 
lens system 122 may be effected In accordance with 
the selection of the stop. If desired, the lens system 

60 122 as a whole may be replaced by another, in res- 
ponse the change of the stop shape. In that occasion, 
different lens systems each corresponding to the lens 
system 122 may be prepared and, in a turret fashion, 
they may be interchanged in accordance with the 

65 selection of the stop shape. 

In this embodinrtent, as described, the shape of 
stop is char>ged so as to select an illumination system 
suited to the characteristics of the pattern of a seml- 
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conductor integrated circuit. Also, an important feat- 
ure of this embodiment resides in that when an illumi- 
nation system for high resolution Is set In general 
form of the effective light source, the light source itself 
is divided into four regions. An important factor in this 
case is the balance of intensity in these four regions. 
However, In the arrangement shown In Figure 13, 
there is a case wherein the shadow of a cable to the 
Hg lamp 1 1 adversely affects this balance. Therefore, 
in an illumination system for high resolution wherein 
the stop means shown tn Figure 15A or 15B is used. 
It is desirable to set the arrangement so that the linear 
zone corresponding to the shadow of the cable coin- 
cides with those small lenses of the optical integrator 
which are blocked against light 

More specifically, in the Figure 15A example, 
preferably the cable lie should be extended in the x 
or y directions, such as shown in Figure 17A. In the 
Figure 15B example, on the other hand, preferably the 
cable 11a should tie extended at an angle of ± 45 deg. 
with respect to the x and y directions. In this emt>odi- 
ment, preferably the direction of extension of the 
cable of the Hg lamp may be changed in response to 
the change of the stop. 

Figure 1 8 is a schematic view of a main portion of 
another embodiment of the presentinvention. The 
system of Figure 18 is the same as that of Figure 13 
in respect to the projection exposure of a pattern 
which is not very fine, as having a ki factor not less 
than 1 . On the other hand, for the projection exposure 
of a fine pattern with a ki factor about 0.5. a stop such 
as shown in Figure 15A or 1 SB is inserted in accord- 
ance with the directionality of the pattern, as des- 
cribed in the foregoing. In this case, however, since 
the system of Figure 13 simply blocks the light the 
efficiency of use of the light from the Hg lamp 1 1 dec- 
reases. In consideration of this, the embodiment of 
Figure 18 Is arranged to assure effective use of light. 

To this end. in the system of Figure 18, as am 
important feature a pyramid-like prism 61 can be 
inserted t>etween the elliptical mirror 12 and the mirror 
14. The light beam produced from a portion near an 
electrode of the ultra-high pressure Hg lamp 1 1 is ref- 
lected by the elliptical mirror 12. and then it enters the 
pyramkl-like prism 61 whereby four light source 
images, corresponding to the four surfaces constitut- 
ing the prism, are formed on a plane including a sec- 
ond focal point of the elliptical mirror 12. Lens system 
162 can be Inserted in place of the lens system 150. 
to direct the light so that the four light source images 
correspond respectively to four separate light trans- 
mitting portk>ns of an inserted stop. 

In this emt>odiment the pyramid-like prism to be 
Inserted should be placed with specific orientatton. 
For a stop of a shape such as shown in Figure 15A, 
each rkjge t>etween adjacent surfaces of the prism 61 
should be placed in alignment with the x or y directk)n 
(Figure 19A}. For correctk>n of a char>ge In the imag- 



ing relationship of the optk^al system due to the inser- 
tion of the prism. In the system of Figure 1 8 the lens 
system 150 disposed after the shutter 15 Is replaced 
by the lens system 162 simultaneously with the inser- 

5 tion of the prism. 

On the other hand, in a case where the light trans- 
mitting regions of the stop are on the x and y axes, as 
in the Figure 15B example, each ridge of the prism Is 
set with angles of ± 45 deg. with respect to the x and 

10 y axes (Figure 198). Also in this case, the lens 162 is 
used in place of the lens system 150 for the conrection 
of imaging relationship. 

A plurality of pyramid-like prisms may be prep- 
ared in accordance with the number of stops prep- 

15 ared. 

Figure 20 is a schematic view of a main portion 
of a further embodiment of the present invention. This 
emtKidlment differs from the Figure 13 emt)odiment In 
the structure of a lens system 65. imaging on the opti- 

20 cal integrator 1 9. In this emt>odiment the lens system 
65 forms an image of the light exit surface of the ellip- 
tical mnror 12 on the optical integrator 19. Here, a 
case wherein a stop such as shown in Figure 16 is 
used is consklered. What is a problem in this occasion 

25 is that there is a difference in maximum effective 
dianrieter of light as required on the optical integrator 
1 9, between a case wherein the stop 1 8a for conven- 
tional Illumination method as described is used and a 
case wherein one of the stops 18b - 18d for the hlgh- 

30 resolution illuminaton system is used. 

In this embodiment, in consideration of this, the 
lens system 65 is provided by a zoom optical system 
so as to meet the change In diameter of light Since 
the diameter of tight from the ultra-high pressure Hg 

35 lamp 11 is determined definitely by the light exit por- 
tion of the elliptical mirror 12, use of the zoom optk:al 
system 65 of this embodiment assures control of the 
light beam diameter in accordance with an Qlumi- 
natk)n method used. Thus, the light utilizatk)n effi- 

40 ciency is improved. 

The controllability of the size or the intensity dis- 
tribution of the light on the optk^al integrator 19 is 
Important, also in a case wherein the lens system 1 50 
of the Figure 13 system forms, on the light entrance 

45 surface 19a of the integrator 19, an image of the Hg 
lamp 11, not an image of the light exit portion of the 
elliptical mirror 12. 

Thus, for the control of the light intensity distribu- 
tion on the integrator 19. the Hg lamp itself may be dis- 

60 placed along the optical axis so that it is defocused 
with respect to the light entrance surface 19a of the 
optk^al integrator 19. 

Figure 21 Is a schematic view of a nr>ain portion 
of a further emtxxllment of the present Invention. An 

66 important feature of this embodiment resides in that 
in order to assure uniform light intensity distribution on 
the optical integrator as well as even weight of the 
small lenses, the optical Integrator Is used in duplex. 
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In the drawing, denoted at 171 is a lens system which 
corresponds to the lens system 150, denoted at 16 Is 
a wavelength selecting filter, and denoted at 172 is a 
first optical Integrator. In accordance with the function 
of an optical integrator, light beams emanating from 
from the small lenses constituting the first optical 
integrator 172 and passing a relay lens 173, are 
superposed one upon another on a second optical 
integrator 174. As a result of this, a uniform illumi- 
nance distribution is provided on the light entrance 
surface 1 74a of the second optical integrator 1 74, 

If in the preceding embodiments a uniform illumi- 
nance distribution Is not provided on the optical Integ- 
rator 19 (as an example, the distribution is like a 
Gaussian distribution wherein the level at the center 
is high), it is necessary to finally determine the shape 
of the stop for the high-resolution illumination on the 
basis of experiments, for example. In the present 
embodiment, on the other hand, since the weight (the 
light quantity supplied therefrom) of the small lenses 
is even, the contrast of image performance can t>e 
controlled easily. Further, in this embodiment, double 
optical Integrators are used, it is not necessary to pay 
a specific attention to the cable as described with 
reference to Figures 17Aand 17B. 

Figure 22 is a schematic view of main portion of 
a further embodiment of present invention. In this 
embodiment, a fiber bundle 181 is provided In front of 
the optical integrator 19. In this example, the zone of 
the optical integrator to be irradiated is controlled by 
means of a spacing adjusting nr>echanism 182 and a 
driving mechanism 183 therefor, for adjusting the 
spacing of adjacent end portions of the fiber bundle 
181, as branched into four. In order to provide a dis- 
tribution for a conventional type illumination system, 
the spacing of the four fiber bundles 181a - 181 d is 
narrowed. In order to provide a distribution corre- 
sponding to that shown In Figure ISA, the spacing of 
the fiber bundles 181a - 181 d Is widened by a pre- 
determined amount Such adjustrnent is effected in 
accordance with a stop 18 used. In the latter case, 
rotation of the fiber bundles 1 81a - 1 61 d is also neces- 
sary. 

In some examples described hereinbefore, one 
ultra-high pressure Hg lamp having been frequently 
used is used. However, as a matter of course, the pre- 
sent invention is applicable also to a case where plural 
light sources are used or, altematively, an exclmer 
laser is used as a light source. In an occasion wherein 
an illumination system uses an excimer laser, it is 
possible that the position of laser on the optical integ- 
rator Is scanned with tinne. In that case, by changing 
the range of scan In accordance with the type of a cir- 
cuit pattem to be printed, an effective light source 
(image) such as shown in Figure 15 can be provided 
easily. 

Although it has not been explained with reference 
to these embodiments. In the high-resolution illumi- 



nation system the balance of the four portions gener- 
ally divided by the stop is Important Since details of 
monitoring the distributions of the four portions of the 
effective light source or of the manner of correcting 

5 the distribution have been described hereinbefore, 
description of them is omitted here. 

Further, while In these embodiments of the pre- 
sent invention the stop means is Inserted at a position 
after the optical integrator, it may be disposed in front 

10 of the integrator. As an aitematrve, if in the illumination 
system there is a plane which is optically conjugate 
with the optical integrator, the stop may be disposed 
on such plane. 

In some embodiments of the present invention 

15 described hereinbefore, in accordance with the fine- 
ness or the directionality, for example, of a pattem on 
a reticle to be projected and exposed, an illumination 
system suited to that pattern is selected to thereby 
assure an optimum exposure method and apparatus 

20 of high resolution. Further, these emtxxjiments of the 
present invention provide an advantage that: for 
exposure of a pattern which is not very fine, a conven- 
tional Illumination system can be used at It is; whereas 
for exposure of a fine pattem, while using an Olumi- 

25 nation system which assures high resolution with a 
small loss of light quantity, it is possible to obtain a 
large depth of focus. 

While the Invention has been described with 
reference to the structures disclosed herein, It is not 

30 confined to the details set forth and this application is 
intended to cover such modifications or changes as 
may come within the purposes of the improvements 
or the scope of the following da Ims. 

35 

Claims 

1. An Imaging methodfor imaging a fine pattem hav- 
ing linear features extending along orthogonal 

40 first and second directions, characterized by: 

providing a light source having decreased 
intensity portions at a center thereof and on first 
and second axes defined to intersect with each 
other at the center and defined along the first and 
45 second directions, respectively: and 

illuminating the pattem with light from the 
light source. 

2. A method according to Claim 1 , wherein the inten- 
50 sity at each decreased intensity portion is dec- 
reased to about zero. 

3. A method according to Claim 1 , wherein the light 
source comprises four sections having substan- 

55 tially the same light intensity and being distributed 

in four quadrants defined by the center and the 
first and second axes, and wherein the four sec- 
tions are disposed In an ar>gulariy symmetrical 
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relationship with respect to the center. 

4. A method according to Claim 3. wherein the Inten- 
sity at each decreased intensity portion is dec- 
reased to about zero. 

5. A method according to any one of Claims 1-4, 
wherein the light source is provided by light from 
one of a lamp and a laser. 

6. A device for forming an image of a fine pattern 
having linear features extending in orthogonal 
first and second directions, said device compris- 
ing: 

a primary light source; 

an illumination optical system for illuminat- 
ing the pattern, said illumination optical system 
having means for fomning, with light from said 
primary light source, a secondary light source 
having decreased intensity portions at a center 
thereof and on first and second axes defined to 
intersect with each other at the center and defined 
along the first and second directions, respect- 
ively; and 

a projection optical system.for projecting, 
on a predetemnined plane, an image of the pattern 
illuminated with light from said secondary light 
source. 

7. A device according to Qaim 6, wherein the inten- 
sity at each decreased intensity portion is dec- 
reased to about zero. 

8. A device according to Claim 6, wherein said sec- 
ondary light source comprises four sections hav- 
ing substantially the same light intensity and 
being distributed in four quadrants defined by the 
center and the first and second axes, and wherein 
the four sections are disposed in an angularly 
symmetrical relationship with respect to the 
center. 

9. A device according to Claim 8, wherein the Inten- 
sity at each decreased intensity portion Is dec- 
reased to about zero. 

10. A device according to Claim 8 or 9, wherein said 
secondary light source forming means Includes 
(i) an optical Integrator having a light receiving 
surface and a light emitting surface, for receiving 
with said light receiving surface the lightfrom said 
prinfuiry light source and dividing the received 
light to provide a plurality of light beams from said 
light emitting surface, and (ii) stop means having 
four apertures disposed adjacent to one of said 
light receiving surface and said light emitting sur- 
face of said optical integrator to define the four 
sections of said secondary light source. 
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11. A device according to Claim 8 or 9. wherein said 
secondary light source forming means Includes 
(I) an optical Integrator having a light receiving 
surface and a light emitting surface, for receiving 
with said light receiving surface the lightfrom said 
primary light source and dividing the received 
light to provide a plurality of light beams from said 
light emitting surface, and (II) stop means of 
cross-like shape disposed adjacent to one of said 
light receiving surface and said light emitting sur- 
face of said optical integrator to define the four 
sections of said secondary light source. 

1Z In a microdevice manufacturing method including 
a step for imaging on a workpiece a fine pattem 
having linear features extending along ortho- 
gonal first and second directions to print the fine 
pattem on the workpiece. the improvements resi- 
ding in: 

providing a light source having decreased 
intensity portions at a center thereof and on first 
and second axes defined to intersect with each 
other at the center and defined along the first and 
second directions, respectively; and 

illuminating the pattem with light from the 
light source. 

13. A method according to Claim 12, wherein the in- 
tensity at each decreased intensity portion is dec- 
reased to about zero. 

14. A method according to Qaim 12, wherein the light 
source comprises four sections having substan- 
tially the same light intensity and being distributed 
in four quadrants defined by the center and the 
first and second axes, and wherein the four sec- 
tions are disposed in an angulariy symmetrk^ 
relationship with respect to the center. 

15. A method according to Claim 14, wherein the in- 
tensity at each decreased Intensity portion Is dec- 
reased to about zero. 

1 6. A method according to any one of Clalnns 12-15, 
wherein the light source is provided by ultraviolet 
light from one of a nnercury lamp and an excimer 
laser. 

17. A microdevice manufacturing projection expos- 
ure apparatus for projecting an image of a pattem 
of an original on a workpiece, said apparatus 
comprising: 

an X-Y stage for supporting thereon the 
workpiece and being movable along X and Y 
directions in an X-Y coordinate system defined in 
said apparatus; 

means for forming, with light from a prim- 
ary light source, a secondary light source having 
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decreased intensity portions at a center thereof 
and on first and second axes defined to Intersect 
with each other at the center and defined along 
the X and Y directions, respectively; 

a condensing optical system for illuminat- 
ing the pattern of the original with light from said 
secondary light source; and 

a projection optical system for projecting 
on the workpiece an image of the pattern illumi- 
nated with the light from sard secondary light 
source. 

18. An apparatus according to Claim 17, wherein the 
intensity at each decreased intensity portion is 
decreased to about zero. 

19. An apparatus according to Claim 17, wherein said 
secondary light source comprises four sections 
having substantially the same light intensity and 
t»eing distributed in four quadrants defined by the 
center and the first and second axes, and wherein 
the four sections are disposed in an angularly 
symmetrical relationship with respect to the 
center. 

20. An apparatus according to Claim 19, wherein the 
intensity at each decreased intensity portion is 
decreased to about zero. 

21. An apparatus according to Claim 19 or 20, whe- 
rein said secondary light source fonming means 
includes (i) an optical integrator having a light 
receiving surface and a light emitting surface, for 
receiving with said light receiving surface the light 
from said primary light source and dividing the 
received light to provide a plurality of light beams 
from said light emitting surface, and (ii) stop 
means having four apertures disposed adjacent 
to one of said light receiving surface and said light 
emitting surface of said optical integrator to define 
the four sections of said secondary light source. 

22. An apparatus according to Claim 19 or 20, whe- 
rein said secondary light source forming means 
includes (i) an optical Integrator having a light 
receiving surface and a light emitting surface, for 
receiving with said light receiving surface the light 
from said primary light source and dividing the 
received light to provide a plurality of light beams 
from said light emitting surface* and (ii) stop 
means of cross-like shape disposed adjacent to 
one of said light receiving surface and said light 
emitting surface of said optical Integrator to define 
the four sections of said secondary light source. 

23. An apparatus according to any one of Claims 17 
- 22, further comprising means for detecting a 
light Intensity distributton of said secorKJary light 
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source. 

24. A microdevlce manufacturing projection expos- 
ure apparatus for projecting an image of a pattern 
of an original on a workpiece, said apparatus 
comprising: 

an X-Y stage for supporting thereon the 
wori<piece and being movable along X and Y 
directions in an X-Y coordinate system defined in 
said apparatus; 

means for selectively fonming, with light 
from a primary light source, different secondary 
light sources of different light Intensity distribu- 
tions including a particular secondary light source 
having decreased intensity portions at a center 
thereof and on first and second axes defined to 
intersect with each other at the center and defined 
along the X and Y directions, respectively; 

a condensing optical system for illuminat- 
ing the pattern of the original with light from a sec- 
ondary light source selectively formed by said 
selectively fomnlng means; and 

a projection optical system for projecting 
an image of the illuminated pattern on the work- 
piece. 

25. An apparatus according to Claim 24, wherein said 
selecth^ely forming means includes (I) an optical 
integrator having a light receiving surface and a 
light emitting surface, for receiving with said light 
receiving surface the light firom said primary light 
source and dividing the received light to provide 
a plurality of light beams from said light emitting 
surface, and (ii) first and second stop means each 
being disposed adjacent to one of said light 
receiving surface and sard light emitting surface 
of said optical integrator, said first stop means 
having four off-axis apertures for defining said 
particular secondary light source, and said sec- 
ond stop means having an on-axis aperture. 

26. An apparatus according to Claim 25, wherein said 
particular secondary light source comprises four 
sections having substantially the same light Inten- 
sity and being distributed in four quadrants 
defined by the center and the first and second 
axes, and wherein ttie four sections are disposed 
In an angulariy symmetrical relationship with res- 
pect to the center. 

27. An apparatus according to Claim 25 or 26, whe- 
rein the intensity at each decreased intensity por- 
tion of said particular secondary light source Is 
decreased to about zero. 

28. In a method of imaging a fine pattern having linear 
features extending in orthogonal first and second 
directions, wherein the pattern Is Illuminated with 
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light obliquely with respect to the pattern, the 
improvements residing In that: 

the strength of illumination of the pattern in 
a first plane of incidence including the fir&t direc- 
tion and the strength of illumination of the pattern 5 
in a second plane of incidence including the sec- 
ond direction are made lower than that In a third 
plane of incidence other than the first and second 
planes. 

10 

29. A method according to Claim 28, wherein, in each 
of the first plane of incidence and the second 
plane of Incidence, the illumination of the pattern 
with light is substantially blocked. 

15 

30. A method according to Claim 28 or 29, wherein 
the predetermined plane of incidence is defined 
with an angle of at>out 45 degrees with respect to 
one of the first plane of incidence and the second 
plane of incidence. 20 

31. In a method of manufacturing microde vices whe- 
rein a fine pattern having linear features extend- 
ing in orthogonal first and second drections is 
illuminated with light obliquely with respect to the 25 
pattern and wherein the illuminated pattern is 
imaged and printed on a workpiece, the improve- 
ments residing In that: 

the strength of illumination in a predeter- 
mined plane of incidence is made greater than 30 
that in a first plane of incidence including the first 
direction and that in a second plane of incidence 
including the second direction and Intersecting 
with the first plane of incidence perpendicularly. 

35 

32. A method according to Claim 31 , wherein, in each 
of the first plane of incidence and the second 
plane of Incidence, the illumination of the pattern 
with light is substantially blocked. 

40 

33. A method according to Claim 31 or 32, wherein 
the predetermined plane of incklence is defined 
with an angle of atx>ut 45 degrees with respect to 
one of the first and second directions. 

45 

34. In a method of imaging a fine pattern having linear 
features each extending in a predetenmined 
direction, wherein the pattern is illuminated with 
light obliquely with respect to the pattern* the 
improvements residing in that: so 

the illumination of the pattern with light 
along a path in a plane of incidence including the 
predetermined direction Is sutistantlally blocked; 
and 

the pattern is illuminated with tight along a 55 
pair of paths which are symmetrical with each 
other with respect to the plane of incidence. 



35. In a method of manufacturing microdevices whe- 
rein a fine pattern having linear features each 
extending In a predetemilned direction Is fllumi- 
nated with light obliquely with respect to the pat- 
tem and wherein the illuminated pattern is 
imaged and printed on a workpiece, the improve- 
ments residing in that: 

the illumination of the pattem with light 
along a path in a plane of incidence including the 
predetermined direction is substantially blocked; 
and 

the pattem is illuminated with light along a 
pair of paths which are symmetrical with each 
other with respect to the plane of incidence. 

36. A projection exposure apparatus for projecting on 
a workpiece an image of an original having a pat- 
tem of linear features, said apparatus comprising: 

an X-Y stage for supporting thereon the 
workpiece and being movable along X and Y 
directions in an X-Y coordinate system defined in 
said apparatus; 

means for illuminating the mask with light 
obliquely with respect to the mask, wherein a 
beam component of the light in a first plane of inci- 
dence including the X direction and a beam com- 
ponent of the light in a second plane of incidence 
including the Y direction and Intersecting with the 
first plane of Incidence perpendicularly, each has 
a strength made lower than that of a beam com- 
ponent of light in a third plane of incidence otiier 
than the first and second planes; and 

a projection optical system for projecting 
on the workpiece an Image of the patter of the 
mask illuminated by said illuminating means. 

37. An apparatus according to Claim 36, wherein the 
strength of each of the beam components In the 
first plane of incidence and the second plane of 
inckience is decreased to atxHjt zero. 

38. An apparatus according to Qaim 36 or 37, whe- 
rein the predetennined plane of Incidence is 
defined with an angle of about 45 degrees with 
respect to one of the X and Y directions. 

39. A projection exposure apparatus for projecting on 
a workpiece an Image of an original having a grat- 
ing pattem. said apparatus comprising: 

an X-Y stage for supporting thereon the 
workpiece and being nK>vable along X and Y 
directions in an X-Y coordinate system defined in 
said apparatus; 

means for Illuminating the pattem of the 
mask with light obliquely with respect to the pat- 
tem and along a pair of paths which are symmet- 
ric with each other with respect to a 
predetermined plane of incklence Including the X 
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direction, white substantially blocking the illumi- 
nation of the pattern along a path In the predeter- 
mined plane of Incidence; and 

a projection optical system for projecting 
on the workpiece an image of the patter of the 
mask illuminated by said illuminating means. 

40. An apparatus according to Claim 39, wherein the 
strength of a beam beam component in the pre- 
detemrtined plane of incidence is decreased to 
about zero. 

41. An illumination method in Image projection, for 
illuminating a fine pattern of an original, charac- 
terized by: 

providing a light intensity distribution hav- 
ing decreased intensity portions at a center 
thereof and on first and second orthogonal axes 
with respect to which the original is to be placed. 

42. A method according to Claim 41, wherein the 
strength at each of the decreased intensity por- 
tions is decreased to about zero. 

43. An illumination method in image projection, for 
obliquely illuminating with light a fine pattern of an 
original placed with reference to first and second 
orthogonal axes, characterized In that 

the strength of illumination of the pattern in 
a first plane of incidence including the first axis 
and the strength of illumination of the pattern in a 
second plane of incidence including the second 
axis are made lower than that in a third plane of 
incidence other than the first and second planes. 

44. A method according to Claim 43, wherein the 
illumination of the pattern along each of the first 
and second planes is substantially blocked. 

45. A microdevice manufactured in accordance with 
a method as defined in any one of Claims 1-5, 
12- 16, 28-35 and 41 -44. 



tion. 

49. A method or apparatus according to claim 46 In 
which the original is illuminated from different 

5 directions in turn. 

50. A method or apparatus according to claim 48 In 
which the original is illuminated from different 
directions at the same time. 

10 

51. Apparatus for imaging an original onto an image 
plane in which the original is illuminated from 
directions symmetric with each other about a 
plane, the apparatus comprising means for 

15 changing the said plane. 



46. A microdevice manufactured by using a device or 

an apparatus as defined in any one of Claims 6 - 45 
11. 17-27 and 36-40. 



47. A method or apparatus for Imaging onto an image 
plane an original having pattern components 
extending in a first direction, comprising illuminat- 50 
ing the original from a direction which is oblique 
in a direction transverse to the first direction. 



48. A method or apparatus for Imaging onto an Image 

plane an original having pattern components ss 
extending in a first direction comprising illuminat- 
ing the original from directions symmetric with 
each other at>out a plane Including the first direc- 
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